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BETTER PAPER 


THROUGH 
HERCULES CHEMICALS 


For high wet-strength at an economical 
cost, more and more paper and board 
mills are specifying Hercules Kymene® 

Ready to use, easy to handle, Kymene is 
available promptly no matter where you are 
located. This popular cationic urea-formal- 
dehyde resin has excellent stability in dilute 
solutions and has been proving its value 
wherever used. 

For additional details on Kymene wet- 
strength resin or other paper-making chemi- 


cals, contact your local Hercules technical 


representative. Or write Hercules for de- PRE-PASTED WALLPAPER—This new and novel ‘do-it-yourself” way 
ech hang paper is gaining fast in popularity. Pre-pasted paper relies 
scriptive booklet. Kymene to retain its strength when immersed in water prior to appli 


tion. Whenever you need wet-strength, specify Kymene. 


CONSTANT RESEARCH —Typical of Hercules paper-making research 
facilities is this laboratory at Wilmington, Delaware, where thou- 
sands of samples of paper are tested under varying conditions of 
use. These facilities are available in helping solve your problems. 


QUICK DELIVERY—Produced at Hercules plants in Sayannah, Georgi 
and Mansfield, Massachusetts. Kymene, like all Hercules’ paper-maki 
chemicals, is readily obtainable from storage facilities located strate; 
cally from coast-to-coast. 


INCORPORATED 


arr : 7 rs ‘ : 
967 King Street, Wilmington 99, Delaware 


y 

Paper Makers Chemical Department | 
HERCULES POWDER COMPANY 
PPS. 


Consclidated Water Power & Paper Company, Wisconsin Rapids, Wis. 


PRESS REBUILD has substantially increased production speed 


without further machine changes. This suction second press has resilient air loading, 


with separate control of pressure at front and back. Suction box packing strips are 


air loaded for even pressure with minimum friction. Patented Beloit Air Guide 


for bottom felt is at the right.— Beloit Iron Works, Beloit, Wisconsin. 


BELOIT 


WHEN YOU BUY BELOIT...YOU BUY MORE THAN A MACHINE! 
PAPER MACHINERY 


For makers of Quality Papers "97 


Albacel is a bleached pine sulphate... the cleanest pulp 
of its kind available from any source. Chlorine dioxide 
bleaching gives it outstanding strength and 

excellent brightness. 


Albacel is produced at Riegel Carolina’s new pulp 
mill at Riegelwood, N. C., with every refinement and 


control known to modern pulp manufacture. 


‘Riegel Carolina 


ALBACEL + SUPER ALBACEL - 
Created by Papermakers 


for Papermakers 


RIEGEL PAPER CORPORATION + 260 MADISON AVENUE e 
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what do you want? 
in a freshly coated 


calendered sheet 


—a surface to match the finest presswork. 
Glossier? 
Brighter ? 
Stronger? 


Pic-resistant against the tackiest inks? 


You can produce the finest of printing surfaces with — 


FLOKOTE an exceptionally stable oxidized starch. Light in color. Opaque. 
Good flow characteristics that help to obliterate brush marks. High water 
retention that makes coatings more uniform. Excellent stabilizing properties 
for thermoplastic resins. In all, just the right combination of desirable prop- 
erties for coating! 


FLOKOTE is only one of National’s many high-speed coating starches for 
top quality printing papers or similar stocks. Knife or brush coated. Tell us 
your requirements. We have a completely staffed laboratory devoted ex- 
clusively to paper research. And a technical mill service to help you adapt 


any starch or dextrin to your plant operation. 


RESYNS® 
e 


STARCHES 


NATIONAL STARCH PRODUCTS INC. 
270 Madison Avenue, New York 16 * 3641 So. Washtenaw Avenue, Chicago 32 * 735 Battery Street, San Francisco 11 
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REACTOR 


SLURRY AGITATOR 


Are you 
satisfied 


L— SYCLONES 


| 
ql 


with present 


SLURRY AGITATOR 


methods for 


— PUMP 


Pee 


— CALCINE DISCHARGE CONTROL 


f ee 
ER f 
BLOWER gh 


obtaining SO2 
for cooking 
liquor? 


If along term supply of elemental sulfur is meet- 
ing your acid requirements, you’re probably more than satisfied.* But if 
high sulfur costs or seasonal interruptions in supply are a headache, a 
Dorrco FluoSolids System may be just the answer to your problem. Why? 
Because FluoSolids makes it possible to tap available supplies of pyrite, 
pyrrhotite and other sulfur bearing ores as an economically feasible and re- 
liable source of high strength SOx. 

Tangible proof of FluoSolids’ ability to deliver is the fact that seven 
Systems are now in operation, and two more are being installed in sulfite 
pulp mills, in the U. S., Canada and Norway for the production of SOz2 for 
their entire cooking liquor requirements. Eighteen more are in operation or 
being installed to produce SO2 from pyrite, zinc and low grade sulfur ores at 
acid plants, which will produce over a million tons per year of H2SQq. 

If you would like more information on FluoSolids — the most significant 
advance in roasting technique in the last 30 years — write for Bulletin No. 
7500 to The Dorr Company, Stamford, Conn. or in Canada, The Dorr 
Company, 25 St. Clair Avenue East, Toronto 5. 


FluoSolids is a trademark of The Dorr Company, Reg. U. S. Pat. Off. 


all AN 


THE DORR COMPANY «+ ENGINEERS © STAMFORD, 
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“Bitter tools TODAY te mest tomorrows demand. 


*That is, if you're not bothered 
by weekend or other startups 
and shutdowns of the sulfur 
burner. If you are, the Fluo- 
Solids Process will also stand 
investigation. To shutdown an 
FS System it is only necessary 
to stop feeding and stop the 
blower. The fluidized bed sub- 
sides and the reservoir of heat 
is sufficient to bring the Reac- 
tor back to roasting tempera- 
ture by simply starting the 
blower and feed. Reactors 
have been down for three 
days and started up again 
within half an hour without 
adding fuel. 
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_ Published monthly by the Technical Association of the Pulp and Paper Industry 
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| Specialized ms Experienced 
Engineering Fabrication 


COMBINED EFFICIENCY PRODUCES GREATER VALUE 


Right: Conkey Integral 
Sextuple Effect Evapora- 
tor set out of doors at a 
Southern pulp mill. 


Below: One of six 12-ft. 
diam. by 45-ft. 4-1n. 
digesters Chicago Bridge 
e Iron Company built 
for the St. Joe Paper Com- 
pany at Port Spa lces 
Florida. 


In pulp mills across the United States, Conkey 
designed and engineered evaporators are reducing field 
erection and installation costs and eliminating large 
building construction for sulphate and soda mills. Plate 
type evaporators have enabled sulphite mills to avoid 
down-time and greatly reduce maintenance costs. 
Chicago Bridge & Iron Company has four modern, 
strategically located shops to provide process equipment 
that will meet all codes and required specifications. 
For further information, write our nearest oice. 
Our sales engineers will be happy to serve you. 


IDGE « IRON COMPANY 


AM, CHICAGO, SALT LAKE CITY and GREENVILLE, PA. 


| 


Atlanta, 3.........-+-+2+0.. 2133 Healey Building 
penaingnan A sccormvseerste Pees) oot Nikg ae rb kK, 16s. stom eens 
oston, 10............ — evonshire Street -1642—1700 Walnut Street Bui 

Chicago, Annee cee 2140 McCormick Building ° Pittsburgh, 19.........-....00- 3257 Alcoa Buildij 
Cleveland, 15.............4. 2238 Midland Building Salt Lake City, 4. ....... 562 West 17th South Str 
Detroit: 26 vce neacccntiaeaite 1548 Lafayette Building San Francisco, 4%)... sewer ete 1538—200 Bush Str 
Flavana'.5 Se onn ome ee as 402 Abreu Building Seattle? Tics Sree cece 1362 Henry Buildk 
Houston;:225.cceceRa ate 2156:C.& [Life Building, @ Tulsa; 3iceeke cure eee 1645 Hunt Buildif © 


6A Vol. 37, No. ll November 1954 - TAPI 


ym CHEMICALS fe 


— TAPPI 


Se 
BN 


Springfield 


Newest source for caustic soda 


If your plant is in this area you can now 
have liquid caustic soda delivered more 


rapidly, more dependably, than ever before. 


Here’s what this new Hooker caustic 
soda plant at Montague, Mich., means 
to Midwest industry: 


1. Fast delivery. You can have caustic 
soda delivered by tank car, loaded and 
dispatched within 24 hours of your 
call. In and near Chicago, tank car 
deliveries are made from Chicago 
stocks. 


2. Freight Savings. Hundreds of users of 
caustic soda are saving up to $2.84 
per ton on freight, as a result of the 
plant’s location, in the heart of the 
industrial Midwest. 


3. Dockside delivery. On Lake Michigan 
and adjacent waterways you can have 
Hooker caustic delivered by barge—a 


HOOker 


Nom the Lele-yf the Exalh 


HOOKER ELECTROCHEMICAL COMPANY 


NIAGARA FALLS @ TACOMA @ MONTAGUE, MICH. © NEW YORK @ CHICAGO ® LOS ANGELES 


new Hooker service (minimum 250 
tons, dry basis). Savings are substan- 
tial. 


4. Prompt service you can count on. At 
the Hooker sales office, 1 N. LaSalle 
St., Chicago, men are ready to help 
you plan efficient handling and stor- 
age, meet emergency needs, work out 
the most economical purchasing and 
delivery arrangements. 


5. Smoother, better processing. You can 
use constant processing methods, and 
get consistent results with Hooker 
caustic soda. It’s produced under care- 
ful control; more than 20 separate in- 
spections and analyses protect its uni- 
formity. 

Tighten up your caustic supply line now 

Many industrial leaders in the Midwest 

are already enjoying the convenience, 
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economy, and dependable supply of 
Hooker caustic shipped from Montague. 

You can have the same convenience 
and security tomorrow. Just pick up your 
phone and call us. 


Caustic soda for Midwest Industry comes from 
this new $12 million Hooker plant at Montague, 
Mich. The plant is built over a tremendous bed 
of pure salt, which supplies the caustic-pro- 
ducing cells. 


FOR FAST SERVICE, phone Chicago—CEntral 6-1311 
SALES OFFICE: 1 N. LaSalle St., Chicago 2 
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Abbe Engineering Co., Brooklyn, N. Y. 
*Abitibi Power & Paper Co., Sault Ste. Manic, Ont 
Aetna Paper Co., Dayton, Ohio 


Allied Chemical & Dye Corp., Barrett Div., Edgewater, Navi 


Alpha Cellulose Corp., Bloomington, Til. 
American Cyanamid Company, Chicago, III. 
American Tobacco Co., Richmond, Va. 

Amtorg Trading Corp., New York, N. Y. 

A.P.W. Paper Co., Albany, N. Y. 

Armstrong Cork Co., Lancaster, Pa. 

Ball Brothers Co., Noblesville, Ind. 

Beach & Arthur Paper Co., Modena, Pa. 
Behr-Manning Div., Norton Co., ‘roy, N. Y. 
Bird & Son, East Walpole, Mass. 

Borden Co., Chemical Div., Bainbridge, N. Y. 
Brazilian Government Laboratory, Rio de Janciro, Brazil 
Brooklyn Technical High School, Brooklyn, N. Y, 
Brown Company, Berlin, N. H. 

Bryant Paper Co., Kalamazoo, Mich. 

Certain-teed Products Co., Chicago, Ill. 
Champion International Co., Lawrence, Mass. 
*Champion Paper & Fibre Co., Canton, N. C. 


**Champion Paper & Fiber Co., Hamilton, Ohio 


Champion Paper & Fibre Co., Pasadena, Tex. 
Chemical Paper Mfg. Co., Holyoke, Mass. 
Columbia-Southern Chemical Corp., Barberton, Ohio 
Compania de Cellulosa de Filipinas, Manila, P. 1. 
Continental Can Co., Hopewell, Va. 
Continental-Diamond Fibre Co., Bridgeport, Pa. 
Consolidated Dyestuff Corp., Montreal, Quebec, Canada 
Coos Bay Lumber Co., Coos Bay, Ore. 

Cornell Paper Products Co., Cornell, Wisc. 

Crosby Chemicals Inc., De Ridder, Louisiana 
Curlator Corporation, Rochester, N. Y. 

Detroit Gasket & Manufacturing Co., Detroit, Mich. 
Dixie Cup Co., Easton, Pa. 

E. I. duPont de Nemours & Co., Carney’s Point, N. J. 
E. I. duPont de Nemours & Co., Deepwater Point, N. J. 
E. I. duPont de Nemours & Co., Newark, N. J. 

E. I. duPont de Nemours & Co., Newport, Del. 

E. I. duPont Experiment Station, Wilmington, Del. 
Eastman Kodak Co., Rochester, N. Y. 

East Texas Pulp & Paper Co., Evadale, Texas 

Ecusta Paper Co., Pisgah Forest, N. C. 

Fibreboard Products, Inc., Antioch, Calif. 

Finch, Pruyn & Co., Glens Falls, N. Y. 

Gardner Board & Carton Co., Middletown, Ohio 
General Chemical Co., Edgewater, N. J. 

Gilman Paper Co., Gilman, Vt. 

B. F. Goodrich Chemical Co., Akron, Ohio 

Great Lakes Paper Co., Fort William, Ont. 

Great Northern Paper Co., Millinocket, Me. 

Halifax Pulp & Paper Co., Ltd., Nova Scotia 
Hammermill Paper Co., Eric, Pa. 

Hawaiian Sugar Planters Assoc., Honolulu, Hawa 
Hawley Pulp & Paper Co., Oregon City, Ore. 
Hercules Powder Co., Wilmington, Del. 

Hercules Powder Co., Kalamazoo, Mich. 

Hercules Powder Co., Holyoke, Mass. 

Herty Foundation Laboratory, Savannah, Ga. 
Hudson Pulp & Paper Co., Palatka, Fla. 

Institute of Paper Chemistry, Appleton, Wis. 

Judson College, Rangoon, Burma 

Kalamazoo Vegetable Parchment Co., Kalamazoo, Mich. 
Kalamazoo Vegetable Parchment Co., Espanola, Ont. 
Keyes Fibre Co., Waterville, Maine 

Kinsley Chemical Co., Cleveland, Ohio 

Laval Universite, Quebec City, Que. 

Lee Paper Co., Vicksburg, Mich. 


Libbey-Owens-Ford Glass Co., Plaskon Div., Toledo, Ohio 


Longview Fibre Co., Longview, Wash. 


FIND OUT WHY THESE LEADING MILLS AND LABORATORIES PREFER 
NOBLE & WOOD EQUIPMENT. WRITE FOR BULLETIN T-1154. 


THE NOBLE & WOOD MACHINE CO. 


West Coast: Dan Charles Agency * 133! Third Avenue * Seattle |, Wash. | 4 


Lowe Paper Co., Ridgencid, N. J. 
Lowell Textile Institute, Lowell, Mass. 
Marathon Corp., Oswego, N. Y. 
Massachusetts Institute of Technology, Cambridge, Mass, 
Mead Corporation, Chillicothe, Ohio 
Merrimac Chemical Co., Boston, Mass. 
Merrimac Paper Co., Lawrence, Mass. 
Monadnock Paper Mills, Inc., Bennington, N. H. 
Monroe Paper Products Co., Monroe, Mich. 
*Monsanto Chemical Co., Boston, Mass. 
Monsanto Chemical Co., Santa Clara, Calif. 
Moraine Paper Co., West Carrollton, Ohio 
National Gypsum Co., Clarence Center, N. Y. 
National Newsprint & Paper Mill, Chandi, C.P., India 
Naugatuck Chemical Div., U. S. Rubber Co., Naugatuck, Conn. 
New York & Pennsylvania Co., Inc., Lock Haven, Pa. 
Nucel Centralab, Syracuse, N. Y. 
Nueva Papelera Cubana S. A., Havana, Cuba 
Ontario & Minnesota Pulp & Paper Co., Ltd., Kenora, Ont. 
*Oxford Paper Co., Rumford, Me. 
Papeteries de Mauduit, Quimperle, France 
Paraffine Companies, Emeryville, Calif. 
Port Huron Sulphite & Paper Co., Port Huron, Mich. 
Primera Papelera Cubana S. A., Havana, Cuba 
Provincial School of Papermaking, Three Rivers, Que. 
Reichhold Chemicals Co., Inc., Royal Oak, Mich. 

*R. J. Reynolds Tobacco Co., Winston Salem, N. C. 
Richmond Pulp & Paper Co. of Canada, Ltd., Bromptonville, Que. 
Rohm & Haas Co., Philadelphia, Pa. 

St. Helens Pulp & Paper Co., St. Helens, Ore. 

St. Regis Paper Co., Deferiet Mill, Carthage, N. Y. 
St. Regis Paper Co., Jacksonville, Fla. 

Scott Paper Co., Chester, Pa. 

P. J. Schweitzer Co., Elizabeth, N. Y. 

Lic. Neguib Simon, Mexico City, Mex. 

Stein, Hall & Co., Inc., New York, N. Y. 

J. Strange Paper Co., Menasha, Wis. 

Smith Paper Co., Lee, Mass. 

Howard Smith Paper Mills, Cornwall, Ont. 
Southland Paper Mills, Inc., Lufkin, Tex. 

Sorg Paper Co., Middletown, Ohio 

Stevens & Thompson Paper Co., Greenwich, N. Y. 
Stillwater Tissue Mills, Stillwater, N. Y. 

Stilley Plywood Co., Inc., Conway, S. C. 

Syracuse University, Plant Sciences Dept., Syracuse, N. Y. 

*Technopromimport, Moscow, U.S.S.R. 

Testing Machines, Inc., New York City 

University of Maine, Pulp & Paper Foundation, Orono, Maine 
University of Missouri, Columbia, Mo. 

University of Nebraska, Lincoln, Neb. 

U. S. Army Chemical Center, Edgewood, Maryland 

U. S. Government, Phila. Quartermaster Depot, Philadelphia, Pa. 

*§. D. Warren Co., Cumberland Mills, Maine 
Western Michigan College, Kalamazoo, Mich. 

Weston Paper & Mfg. Co., St. Marys, Ohio 
Wood Flong Corp., Hoosick Fall, N. Y. 


*Indicates additional Sheet Machines, 


Paper Mill Machinery 
HOOSICK FALLS ¢ NEW YORK 


Mid-West: Ronningen-Petter Company ° Vicksburg, Mich. 
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UNTREATED 
WRAP 


TREATED 
WITH “QUILON” 


You get superior release properties 
when retail wrap is treated with Du Pont “Quilon” 


You can give your paper sales a boost with the unique apply . . . requires no special techniques. 


5 ag 5 > “<“ : ” ie E . 
advantages of Du Pont “Quilon”? chrome complex. So for retail wrap, butcher wrap, frozen-food packages, 


Take retail wrap, for example. With “Quilon” you can vegetable bags, ice bags—investigate Du Pont “Quilon” 


provide a paper that has these superior release proper- wherever you want these unique properties at low cost: 
ties plus balanced resistance to meat juices. “Quilon” 
also gives paper excellent size and water repellency. And Oo Superior release properties 
Quilon” assures you and your customers that these @ Balanced resistance to juices 
properties will be retained ... in the freezer or out... 


(3) Excellent size 


(4) Maximum water repellency 


from the market to the housewife’s kitchen. 


In addition, “Quilon” doesn’t alter the dry properties 
of the paper. And “Quilon” is economical and easy to (5) Retention of paper's dry properties 


Add extra sales features 


h | 
e r, | 

to your paper with: | _ E. 1. du Pont de Nemours & Co. (Inc.) 

) r | Grasselli Chemicals Dept., Room N-2539 | 

| | Wilmington 98, Delaware | 

Chrome Complex Please send me the Information Bulletin describing “Quilon,” its | 

{ uses and methods of application. 

Name Position ; 

. Firm | 

| Addresses. Se ! 

REG. U, S, PAT. OFF. | City State ! 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY je i ee ee ce ee N 
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Accumulation of slag on superheater tubes 
means trouble in any boiler. In a chemical 
recovery unit, fired with black liquor having 
a high percentage of low fusion temperature 
ash, slag accumulation can be particularly 
troublesome. With the conventional type 
superheater slag builds up and anchors it- 
self around individual tubes, insulates them 
against heat transfer, blocks gas passage, in- 
creases draft loss and necessitates mechan- 
ical and manual cleaning. 

The panel type superheater, found only 
on the C-E Recovery Unit, allows slag no 
such foothold. Each element — or panel — 
of the superheater consists of a solid wall of 
tangent tubes with wide spacing between 


As shown above, the entire superheater of the C-E Recovery Unit 
is located directly above the furnace. Thus chemical ash depos- 
its, as they are dislodged from the superheater surfaces, fall 
directly to the furnace hearth. 


panels. The space between individual tubes} 
has been eliminated, so that any slag accu-} 
mulation is confined to the wall-like surface} 
of the elements where much of it frees itself! 
and the rest is easily dislodged. 

This panel construction channels gas flow} 
smoothly over the superheater surfaces and} 
slag formation is, therefore, reduced to al 
minimum. Furthermore, since slag cannot) 
key-up between tubes, the action of the sooth 
blowers is much more effective. 

Developed by, and exclusive with C-E} 
the panel type superheater represents an- 
other significant achievement which has re+ 
sulted from Combustion’s consistent efforts! 
“to make good equipment better.” 


COMBUSTION ENGINEERING 


Combustion Engineering Building e 200 Madison Avenue, New York 16, N. Y. 


| 
| 


BOILERS, FUEL BURNING & RELATED EQUIPMENT; PULVERIZERS, A’R SEPARATORS & FLASH DRYING SYSTEMS; PRESSURE VESSELS; AUTOMATIC WATER HEATERS; SOIL PIPH! 
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there’s an Atlantic Wax for every use 


a Flavor-Saver Wrapper...that everyone likes 


eGe pet oh ll 


THE ATLANTIC REFINING COMPANY, Dept. T-11 
260 South Broad St., Phila. 1, Pa. 


Please send me information on the wax you recommend 
for use in the manufacture of: 


[_] Fruit and vege- 
table coating 

|_| Kitchen rolls 

rT 


| Kraft bags 


[| Crayons 

[_] Drinking cups 
| Building papers [_] Electric insula- 
L_] Butcher’s paper tion coating 
__| Candles (_] Fabric sizing 
Candy wrappers (_] Fiber plates 
[_] Cartons, butter |_] Florist paper 
[_] Cartons, frozen food |_| Fruit wrappers 


__! Barrel linings 
Bread wrappers 


|_| Match wax 
|_| Milk bottle caps 


[_] Milk cartons 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
[_] Waterproofing 
| 
i 
| 
| 
| 
| 
| 
| 
| 


|_| Cartons, ice cream 
Chewing gum 


(_] Other use - 


Name = = a ae a 


SYRACUSE, N.Y. READING, PA. 


Salina and Genesee Sts. 


PROVIDENCE, R. I. 
430 Hospital Trust Building 


CHARLOTTE, N.C. 
1112 South Boulevard 


PITTSBURGH, PA. 
Chamber of Commerce Bldg. 
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First and Penn Aves. 


No one has to tell a housewife that food wrapped in 
well-waxed paper stays fresher longer ...and no one has 
to tell her how to use it either. 


Atlantic makes a wide variety of waxes, including one 
that’s exactly right for waxed kitchen rolls. Waxed wrap 
using Atlantic Wax looks good, has a high degree of trans- 
parency ...it feels good, with a smooth, even texture that’s 
pleasing to the touch... and it’s highly moisture-resistant. 


Choosing the right wax for any one of more than 100 
different jobs is easy with Atlantic. Our technical specialists 
will work with you in selecting the right melting point and 
the right hardness from a complete line of fully refined waxes. 


Deliveries can be made in cartons, on pallets, in bulk 
haulers or in tank cars. For details, mail the coupon or 
call one of the offices listed. 
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KEEPS COMING... 
--- AND COMES 


No slime formers . . . no contaminating organisms 
. . . no objectionable tastes, odors or colors . . . paper keeps 
coming without a slime break, and comes clean when a 
Wallace & Tiernan Chlorination system safeguards the fresh 


and white waters. 


Whether your mill produces pulp, newsprint, kraft. 
writing, tissue. or board. the quality of your product and the 
efficiency of your mill depend on clean, biologically pure 
water. For information on how to get biologically pure water 


most economically, write our Industrial Division. 


WALLACE & TIERNAN 
INCORPORATED 


25 MAIN STREET, BELLEVILLE 9, N. J. 


the difference Is 


greater sizing efficiency with 
liquid CYFOR’ Fortified Rosin Size 


Liquid Cyror Rosin Size gives new meaning to “sizing 
efficiency — 


a little size goes further: 
you meet your medium or hard sizing specs at 


lower cost with less size. 


you can meter liquid CYFOR 
with greater accuracy —no weighing or 


guesswork; no dust, no cleanups. 


less size in the sheets, 
even in the hardest sized papers, means smoother 


machine operation. 


As a result, mill after mill reports money saved by 
Cyror in meeting exacting requirements with 

dependable uniformity. You can profit, too; ask your 
Cyanamid Technical Representative. 


THE LARGEST VARIETY OF PAPER CHEMICALS, to serve paper indus- 
try needs, is offered by Cyanamid, and is backed by the services 
of technically trained men with years of practical mill experience. 
PAPER CHEMICALS DEPARTMENT 


30 Rockefeller Plaza, New York 20, N.-Y. 


Sales Offices: Boston « Charlotte * Chicago « Cleveland « Kalamazoo « Los 
In Canada: North A 
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WERE WORKING WHILE ROME BURNS 


J. Q. du PONT 


“Wr’re Working 
While Rome Burns!” If 
any of you suspect there is 
a catch in this title, you’re 
right. If any of you came 
here to hear yourselves and 
your fellow American busi- 
ness leaders ‘‘patted on the 
back” for your fabulous 
production and other ma- 
terial accomplishments, 
you’re wrong. 

But don’t get me wrong, 
either, on this! I have the 
deepest respect for production and, more importantly, 
for those who can and do produce. 

Production! Whether it be growing one little potato 
crop to feed a hungry hermit, or a vast wheat farming 
operation to help feed a nation, these things I have 
always, and deeply, admired. 

Indeed, perhaps the most complete error any of you 
can make about my words today is to assume I have 
anything less than the highest regard, and deepest 
gratitude, for those great and small “good doers,” 
good producers, good executives and administrators, 
good pay-envelope-fillers who, collectively, form much 
of the brains and backbone of our American business 
structure today. 

But, just as there is honor and reward and respect for 
material effort and accomplishment, especially produc- 
tion as we know it here in the United States, so also is 
there a dangerous pitfall. And this pitfall is dangerous 
precisely because we are working so hard. ‘“We’re 
Working While Rome Burns.’ And I would like to 
remind you that that, sometimes, can be worse than 
fiddling while Rome burns. 

“Fiddling,” in this sense, is not a very absorbing oc- 
cupation. It is a pastime or diversion. It’s easy to 
drop such “fiddling” and “run to a fire.” It’s easy to 
stop “whittling a stick” to assist in some true and gen- 
eral emergency. But, when you are working, ah! 
that’s a different story, indeed! 

There is a challenge in work, in almost any good work 
and a deep, almost sensual, gratification, or thrill, in 
watching our efforts materialize, in “seeing our gardens 
grow.” 

There is a passionate pull, like some great magnet, 
drawing us on and on, if we’re working, not fiddling. 
And this is especially true if we’re doing something 
urgent or important, like our present national defense 
program. 

There is an almost complete absorbing power about 
good urgent work that makes us deaf to “the call for 
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supper” that makes us blind to the awful “handwriting 
on our wall.” 

There are exceptions, of course! I’m not so stupid | 
as to contend that American business is entirely asleep 
to the threat of final despotism either here or abroad. | 
Indeed, as one whose job it is to travel endlessly and read | 
much, in this present awful battle for men’s minds, T’1n } 
happy to report that great strides have been and are || 
being made by small, medium, and large American | 
business and professional men in taking up the torch of 
liberty and freedom against government by edict, 
whether it be in Moscow, in Argentina, or where-have- |) 
you. 


But, and here’s my first pitch, I submit that far too | 
many leaders of American business are dangerously | 
engrossed, yes, almost hypnotized by this passionate 
reality called work—this voluptuous ‘‘Miss Production” 
who sits, not on the River Rhine like the girls of the 
Lorelei legend, but on the planning and control boards, 
and the assembly lines of American industry, combing » 
her golden hair. 


And leading us, innocently, of course, but leading us, 
cost reduction by cost reduction, research triumph by 
research triumph, dividend by dividend, pay increase 
by pay increase, slowly but surely, to the red rocks of 
destruction! 


There is a way out of our dilemma. There must be | 
a safe way up our “Rhine,” and past these “rocks.” 
But it will take more than full steam in our production 
boilers, more than sweating top performance by indus- 
trial research and technical men buried ‘‘blind”’ in the 
hold of our ship. It will take men, not “boys,” on the | 
bridge of our business boat. Men with keen and deliber- | 
ate eyes who can see far into the darkening social curves | 
ahead, and who can appreciate but not remain totally | 
preoccupied with this beautiful siren, ‘Production,” 
this wonderful wife, called “Work.” 

“Rome,” our “Rome,” is burning! These great and 
good, and once so boldly free, United States of ours are }f 
burning; burning with the challenge of World Com- || 
munism and the threat of a world war too horrible for 
most of us even vaguely to comprehend. But this is 
not “news” to a group like yours. The point is, what 
do we do about it? What do far too many of us do 
(aside from applauding little speeches like this and send- 
ing copies of them around with friendly notes to each | 
other saying, “This is must reading” or “Thought you'd 
enjoy this one too!’”’). | 

What do we do? Why, we doa very natural thing, a 
forgivable thing, if it were not for the fact that this may 
be our last big throw at world dice—our very survival, 
not only as individuals, but as a species upon this planet. 

What do most of us do when we hear the fire alarm of I 
freedom ringing? Do we drop part of our work and] 
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erab for the fire hose of faith and ideals without which 
world slavery cannot be checked and then defeated? 

No! You see, we’re working not fiddling! Pat, pat 
on our back. And so, we simply press down harder on 
the throttles of production and sales as only Americans 
(I hope) can press those pedals. And in our absorption 
many of us in business and the professions turn a deaf 
ear to the national social, economic, and political “fire 
alarm.”’ Some say, ‘Leave it to the clergy, the educa- 
tors, the sociologists; that’s their job.” 

And then there’s another reason, if we are honest 
with ourselves. Many of us simply don’t quite know 
how to step into this bigger field or battle for men’s 
minds that we’ve got in America today. And so, as an 
escape from reality, paradoxical as this may sound, we 
turn back quickly to still more work, still more produc- 
tion of real goods! It sort of salves our consciences, 
I guess, to be doing something, making things we can 
see and feel in this confusing roar of thoughts and ideas 
and words that swirls about us these days. 

We sheuld, we must, take time off, each of us from 
this utterly important thing called “work” to do 
another equally important thing called “think.” 
We must think about this fire of world communism 
and figure how to defeat it. And don’t think that 
you can work and think at one and the same time! 
There are a few exceptions to this rule, too, of course, 
but, in general, deep thinking and great doing don’t 
make good bedfellows. They can be, and should be, 
great partners, great teammates, but compatible bed- 
fellows? No! 

It is difficult, if not well nigh impossible, for you, or 
anyone else, to do concrete work and deep, or abstract 
thinking at one and the same time. 

Take this speech of mine, for example. For more 
than a year I thought about it, dreamed about it, 
hoped about it. On railroad trains, as I rode from great 
city through great wood and farmland to other great 
cities, on airplanes as I looked down on this good and 
fertile land or ours, wondering what a despot and his 
horde of slaves will do with all of this, if! In the dark- 
ness of those most terribly awake hours of all, just before 
dawn, I’ve tried to put my fumbling fingers on the great 
curse, the weakest links, in our nation’s chain (because 
the strong links have a way of taking care of them- 
selves). I've tried to do this for you in my small but 
earnest way. If I have failed, that is beside the point. 
The point is that my thinking on this speech has been 
done in quiet, nonactive hours here and there, and now 
I’m doing it, not thinking it. 

I believe many more of us American business and 
professional men must take time off from our good work 
to think about this problem of Communism and despot- 
ism. Then, having thought and thought deeply, 
we must devote a generous portion of our waking hours, 
and energy, to fighting in the battle for men’s minds to- 
day. 

Some of us can speak, “carry the work,” ‘‘pass the 
ammunition,” to the four corners of the land. Some 
of us can write speeches, plays, radio and television 
scripts and some of us, who can’t do these things, can 
contribute in an important other manner by seeing to 
it that the truly effective writers and speakers on our side 
are handled wisely and utilized to the hilt, not 
wasted on “‘deaf’’ or snobbish ears. 
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But better still than any of these special efforts, we 
can all of us revise and improve our behavior, our 
actions, in the light of our deeper thinking. It is our 
actions, and what we are as business men, that will be 
our salvation or our defeat and destruction. Never 
forget, the man in the ‘“‘house’’ (he used to be called 
the man in the street before television) is almost al- 
ways a man of reaction, not action. Therefore, if we act 
decently, fairly, humbly, nobly, then this all-important 
“average man’’ will react favorably to us, to business 
and to management. ‘Then, and only then, will he listen 
to our story. But if we do not behave, if we do not act 
properly, nobly, he will react against us and all, or most, 
of our public relations investment and effort is “right 
down the drain.” 

So much for this first observation about one pitfall of 
doing, of working. I hope I’m wrong. But too many 
things I’ve seen, and people I’ve met, convince me that 
I’m right in warning you “We’re Working While Our 
Rome Burns!” 

And now for my second observation, it also appears 
to me that far too many of those business and pro- 
fessional men who do “‘smell the smoke,” far too many 
of us who do make the clear-cut decision to help fight — 
the slow, hot fire of regimentation and slavery, make a | 
very serious blunder right off the bat. And here itis: | 
We start some kind of an advertising program or public 
relations effort. And we appeal almost solely to the 
selfish side, the material side, of those we would hold | 
and those we would win over to ‘“‘our side.”’ I realize 
there are exceptions to this observation also. But, 
study the general record, read the speeches and institu- 
tional advertising, study the books, consider the radio — 
programs, movies, television shows, yes, even the comic 
books that have been, and are being, used by ‘ our side” 
in this great battle. 

Consider these brave well-meant (and incidentally 
often very expensive) programs and efforts of free 
enterprise. See if you don’t agree that far too many 
are still ‘‘slanted’’ to appeal only to the selfish side of 
their audience. 

Listen to a few examples. I can almost say them by 
heart, I've seen them so often. 


6“ : ° P | 

1. “Free enterprise has given you the highest | 
standard of living the world has ever known!” | 

“ec . 

2. “You, Mr. Average American, have more bath- 
tubs, more radios, televisions, etc., than ‘seventy- 
two’ Russians.” 

3. “Our way of life prevides you and yours with | 
more pay and more leisure.” 1 


4. “Free enterprise means more things, more happi- 
ness for you!” 


Don’t get me wrong. I realize full well the selfish 
side of man. (I like my bathtub and TV too!) It, 
the selfish side of all of us, is undeniable. And any 
sociological program that ignores the selfish side is 
courageous beyond words and often, in my estimation, 
crazy. 

But, there is another side to man, to all of us, and 
it is the unselfish, the noble. Don’t ever underrate it! 
Don't ever think it exists only in a few places. Those | 
who do are either fools, or blind snobs, or pitiful babes | 
in the woods of reality! 

Thomas Carlyle put it this way. 


(I read this not so 
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Diamond Model IK 
Long Retracting 
Blower 


In a long retracting blower, a fool-proof and de- 
pendable means must be provided for propelling the 
carriage and rotating the lance tube. In Model IK it 
is done with a SINGLE MOTOR working through a simple system 
of rugged gears. The operating mechanism is a model of simplicity 
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control elements . . . one set of power supply facilities to operate 
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long ago and I think it fits, or expresses perfectly, what 
I'm trying to say to you here.) “It is not to taste 
sweet things but to do noble and true things... that 
even the poorest son of Adam dimly longs.”’ 

Winston Churchill! Was he not shrewdly, and al- 
most totally, banking on this badly neglected truth 
when he promised Britain nothing but “blood and toil 
and sweat and tears?” Think of it! 

Death, not life; work, not leisure; sorrow, not happi- 
ness! These were the things that Churchill held out 
and up to Britain! And what happened? Was he 
booed, was he voted out of office, was his speech for- 
gotten within a week, like most of our well-meant 
business speeches are? 

Did Britain turn from him in this, its then awful 
hour? You know the answer. A nation was welded 
together almost as if by magic, and Churchill’s words 
will live, perhaps forever! What was at work here? 
What human relations principles were involved? Well, 
of ‘eourse, there were many. By the way, my wife, 
who hag red hair and is a very practical person, was 
listening to me rehearse this talk not so long ago. 
Right at this point she cut in, as only one’s severest 
critic can cut in, and said, ‘Wait a minute! There 
you go, off the deep end again! You’ve always had an 
excessive admiration for Churchill and, besides, you 
tend to let sentiment and emotion run away with you. 
Actually, I think, the reason Englishmen decided to 
join up and put their shoulders to the wheel for Church- 
ill was not because of his fine words, but because they 
realized that if they didn’t get together behind some- 
body, the jig was up and that England would be no 
more!”’ 

Well, I'll admit my wife is about half right on this 
point. There is great truth in what she said. But 
certainly one big factor was this. The ‘“‘dim longing,” 
as Carlyle called it, of millions of big and little English- 
men “to do noble and true things,” not to taste and 
enjoy material things, swelled up and helped stem the 
tide of fear and despair. I’m sure of this. Aren’t you? 

Let’s drop now from millions of men and women in a 
nation at war, to just one little baby in its crib. You 
are “changing” it. For months now, since its birth, 
this very little and “lowly son of Adam’’ has been 
watching and feeling you go through the act of changing 
him: sometimes crying, sometimes smiling and cooing, 
but never, apparently, concerned with helping you. 

And then, one night it happens! A fumbling little 
hand has finally learned how to grasp and hold a safety 
pin. And just as you need it, this hand, perhaps as- 
sisted by another equally clumsy one, holds up the pin 
and gives vi to you—to use! 

Nobility, the urge to contribute; nobility, the drive 
to give, not to take; nobility, the longing to do true and 
good deeds has been born, no, is unveiled, in your small 
child. From that day on, this “other side” of him, 
this unselfish side, will fight its unending battle with 
the selfish, or baser, side until that baby boy is an old, 
old man and dies. 

There is nothing new about any of these ideas. The 
Greeks and Romans knew about this noble, unselfish 
side of man. So did the caveman in his dim way, 
except he didn’t leave us very good records. Socrates, 
Genghis Khan, Saint Augustine, Shakespeare, Napo- 
leon, Thomas Acquinas, Carlyle, Washington, Thoreau, 
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Abraham Lincoln, Winston Churchill, great men like 
these, right down the ridges of time, have realized and 
and utilized this truth to the hilt. Some for better, 
some for worse, but all of them realized this duality, 
this doubleness, this selfish-unselfish, noble-ignoble, | 
fine-yet base, nature of man. And the good of these 
great men, who led their fellowmen forward and up- 
ward, not backward and down, laid very heavy stress, 
depended most heavily, upon the unselfish side of their 
fellowmen, especially in times of national or other great 
stress. 

Let us then not deny ourselves, deny our great cause, 
this almost miraculous factor in our present crisis! 
Business, I’m happy to report, has matured and grown 
in wisdom and consideration for others. Let’s not, 
then, continue to appeal so lopsidedly to the selfish in 
our public audience. Let’s not sit, like a piano player, 
with one hand tied behind his back, beating monoton- 
ously on the bass to the base in mankind. 


Putting this all another way, and at the hazard of 
your misunderstanding me, we've been doing only 
half of our job. We’ve been talking and writing en- 
tirely too much about our standard of living and not | 
thinking nearly enough about our very real problem of | 
dying! As a great minister recently said, “We have | 
been ‘majoring in the minors.’!”” We’re playing chiefly | 
one end, and the bass end at that, of our human relations 
piano! 

Quickly to sum up, I feel ““We’re Working While 
Rome Burns.”’ Not all of us in business and the pro- | 
fessions, but far too many, are so engrossed with the | 
challenge and thrill of doing things, making things, and 
selling things that we fail to realize how close, how 
widespread, and hot is the fire of slavery. 


Second, I fear that much, far too much, of our story, 
“the story of business enterprise,” is slanted to appeal 
chiefly to the selfish, the material side, of our listeners. 
I know the importance of television sets, bathtubs, and 
automobiles. Nonetheless, if we are honest with our- } 
selves, we know that it is not for such things that men 
will die. But men will die for things so deep within | 
themselves that they cannot even put them in words. | 
And those are the things that will win this fight, if | 
only we can make Americans realize that it is these deep | 
things that are at stake. 


Add them up, and they come down to the concept of 
human freedom, the freedom of the individual. ‘It is | 
the noblest concept by which any government has ever | 
sought to rule. This concept of freedom can stir men’s | 
minds, can rouse them to topnotch fervor. | 


Why don’t we start playing our American story now | 
on every key of both our rational and emotional pianos? 


Why don't we play our great American symphony 
with emphasis now on the high treble of nobility and | 
statesmanship? | 

Finally, let’s do this, not for ourselves, but for one 
children here and for all mankind over there, especially 
for those sad people who, through their complacency, 
have lost the freedom which we still. . thank God. . . 
have here. ) 
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INDUSTRIAL PROGRESS OF THE FUTURE—A 
CHALLENGE TO TOP MANAGEMENT 


H. W. PRENTIS, JR. 


IN APPROACHING the 
subject of my address 
“Industrial Progress of the 
Future—A_ Challenge to 
._Top Management,” let me 
say at the outset, that the 
manager is the dynamic, 
life-giving element in every 
business. Without his 
leadership the resources of 
production remain resources 
and never become produc- 
tion. In a competitive 
economy above all, the 
quality and performance of 
the managers determine the 
success of any business enterprise. For whether a 
business goes ahead or falls back in the competitive 
race is decided by the quality of its management brains 
at all levels of its organization. 

Management is also a distinct and leading group in 
any industrial society. On its performance ultimately 
depends the standard of living of a nation as well as 
the strength of its social beliefs, its social cohesion, and 
its ability to withstand the poison of totalitarianism. 

What do we mean by “manager?’”? What distin- 
guishes a manager from the businessman as the econo- 
mists see him on the one hand, and from the adminis- 
trator in government, the armed forces. or the church on 
the other? A manager deals with economic resources. 
He aims at economic performance and is measured by 
economic results. That distinguishes him from the ad- 
ministrator in any nonbusiness institution. 

The businessman of the economists behaves purely in 
adaptation to economic forces which he neither creates 
nor controls. His behavior is defined in the economist’s 
concept of “maximization of profits,” his procedure and 
conduct being aimed at making the best of whatever his 
environment and the physical forces in it can produce. 

By contrast a manager manages. His attitude is 
like Napoleon’s who asserted: “Circumstances—I 
create circumstances.” In other words to be a manager 
implies the responsibility for attempting to master the 
economic environment—and the social environment 
too; for planning, initiating, and carrying through 
changes in economic conditions; for constantly pushing 
back the limitations of economic circumstances on the 
enterprise’s freedom of action and on the economy’s 
standard of living. What is possible is only one part of 
a manager’s job. What is desirable in the interest. of 
the enterprise and society in general is the other part. 
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And while man can never completely master his en- 
vironment, while he is always held within a tight vise 
of possibilities, it is management’s specific function 
always to make what is desirable, first a possibility and 
then a reality. Management is not just a creature of 
the economy; it is partly the creator of the economy 
as well. And only to the extent to which it masters 
economic circumstances and changes them by conscious, 
directed action, is it really doing its job. 

Today management is confronted with tremendous 
technological change—a change which creates outstand- 
ing opportunities for constructive and productive man- 
agement action all over the world. But it is also a 
situation which presents management with grave new 
responsibilities, a change which makes unprecedented 
demands on its competence, its knowledge, its per- 
formance, and its sense of responsibility. This new 
technology is not in the future; it is already upon us. 
It is not merely a matter of gadgets or of machines. 
It is a new principle of production, an intellectual, 
even a philosophical concept—and that of course gives 
it its impact, its importance, and its penetrating power. 

Here, in the United States, the coming of this new 
technology has provoked a veritable deluge of moon- 
struck stargazing, a torrent of pseudo-scientific fiction. 
Dreams of the “push-button” factory abound in which 
robots turn out mountains of goods effortlessly while 
human beings by the millions find themselves in en- 
forced idleness. The new technology, we are being 
told, will require giant business to grow even bigger 
while squeezing out the small and independent enter- 
prise. It will require allegedly such capital invest- 
ments as only government can supply. It will force us, 
it is asserted, into the planner’s paradise: an economy in 
which government collects, controls, and directs all the 
capital accumulations of the nation. At the same time, 
we are being told, the new technology will make man- 
agement unnecessary. All it will need are technicians. 


I am sure all of us here remember that this prophecy 
of doom was the stock in trade of left-wing propaganda 
20 years ago. Every item in this prediction was then 
urged upon us in the name of human welfare. Now, 
that the left-wing doctors have become discredited by 
two decades of experimentation with their nostrums; 
now that we no longer can be coaxed and cajoled into 
swallowing their theories under the pretext that they 
will make us healthy and free, the pseudo-scientific 
fiction about the new technology tries to frighten us 
into the same kind of nightmare. 


I do not know how much of this stargazing is going 


on in other countries, but I do know that there is no 
truth in it. Indeed we do not have to theorize about 
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the meaning of the new technological changes. We 
can see and inspect them at work in hundreds of plants 
and factories now functioning. We already have in- 
dustrial enterprises that show clearly what the new 
technology means. And whenever you actually look 
at it instead of theorizing about it, you find that its 
reality is the exact opposite of the horror stories— 
with their robots, their bigness gone mad, their tech- 
nology become man’s master rather than his servant. 

And we in management must clearly realize these 
facts. Our capability to manage successfully will in- 
creasingly depend on our understanding of the tools of 
the new technology and on our ability to use them right. 
The social and political future of our free society de- 
mands that we oppose to these fanciful speculations of 
technological horror the sober but also encouraging truth. 

Let me say first that the popular belief that the new 
technology will replace human labor by robots is utterly 
false. On the contrary, it will employ more people 
andabove all, much more highly skilled and more highly 
trained people. It is no longer generally believed, as 
it was a scant 20 years ago, that mass-production 
methods—yesterday’s technological change—throw 
people out of work. Wherever such procedures have 
been introduced, we all know they have rapidly in- 
creased the number of job opportunities in industry. 
For every livery stable, for example, that the auto- 
mobile drove out of business, there are today half a 
dozen or more gas stations, automobile dealers, and 
automobile repair shops—owned locally and _ inde- 
pendently and providing a better living to many more 
people than the livery stable ever afforded. 

But it is still widely believed that mass production 
replaces skilled labor by unskilled labor. We know 
this too to be a total fallacy. Here in the United 
States where mass production methods have been ap- 
plied on the broadest scale thus far, the one class of 
employees that has been growing most rapidly in num- 
bers and proportion are skilled and trained people. 
And the truly unskilled laborer of yesterday who con- 
tributed only his brawn has become the semiskilled 
machine operator of today—a man of higher skill and 
education, producing more wealth, and enjoying a 
vastly higher standard of living, than he ever did before. 

The technological changes now occurring will carry 
the same process a few steps further but they will not 
make human labor superfluous. On the contrary, 
they will require tremendous numbers of highly skilled 
and highly trained men—to design the new tools, to 
produce them, to maintain them, to direct them. In- 
deed the major obstacle to the rapid spread of these 
changes will almost certainly be the lack in every 
country of enough workers possessing sufficient skill 
and training. 

It is similarly not true that the new technology de- 
mands the giant enterprise, let alone that it will squeeze 
out the small, independent producer. In some indus- 
tries it may well increase the size of the most economi- 
cal unit. In others—one example is likely to be the 
production of raw steel—it is likely to make signifi- 
cantly smaller units economically possible, if not de- 
sirable. More important: the new technology re- 
quires much greater delegation of decision-making 
authority to the management of small units than was 
needed under former conditions. An enterprise in 
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which all decisions were centralized at the top would 
become unable to live and to survive. 

It is also not true that the new technology brings a 
tremendous increase in capital requirements. In- 
vestment per production worker will of course rise. 
But there is nothing in our experience to make it ap- 
pear likely, let alone certain, that investment in terms 
of constant value per unit of output will significantly 
increase. 

Above all, however, the new technology will not 
render managers superfluous, will not convert them 
into mere technicians. On the contrary, it will make 
tremendous demands on management, on its compe- 
tence, its vision, its economic knowledge and skill, its 
ability to make rapid decisions, its flexibility—in short 
—its ability to manage. So vital are these require- 
ments that they will make it absolutely impossible 
to operate the new technology and to derive its benefits 
under any form of centralized planning from the top. 
On the contrary it will be even more important than it 
is today that management decisions be made as far 
down as possible in the organization. Hence it will be 
even more essential that management at the bottom of 
an enterprise be as capable and as competent as it is in 
the middle or at the top levels. Any society that were 
to attempt to get rid of the free management of autono- 
mous enterprise, and to run the economy by centralized 
governmental planning in the era of the new technology 
would perish miserably, as did the great reptiles of the 
Saurian age whose small and completely centralized 
nervous system proved unable to adapt itself to a 
changed environment. 

What then concretely are those new demands that 
technological changes are about to make on manage- 
ment—its vision, knowledge, skill, and competence? 
They are eight in number: 

1. First, the new technology requires that manage- 
ment learn to understand fully what is involved, and 
add a new dimension to its competence and to its vision. 

2. The new principles of production demand, sec- 
ondly, that management create markets. It can no 
longer be satisfied with the market as it exists. It can 
no longer see in selling merely an attempt to find a 
purchaser for whatever it is that the business produces. 
It must create customers and markets by conscious 
and systematic work. It must focus its effort con- 
tinuously and sedulously on creating mass-purchasing 
power. To that end it must constantly work on the 
long-range job of changing consumers’ habits and of 
educating them to an understanding of the new oppor- 
tunities rising incomes and advancing technology open 
up for a higher standard of living. 


3. In the third place, the new technology requires a 
tremendous increase in the number of trained and edu- 
cated people in business—an increase of almost astro- 
nomical proportions. For the new method ‘consists in 
augmenting man’s control over his economic environ- 
ment by multiplying his mind power—whereas in the 
past we have attempted to multiply first his physical 
strength and then his skill. Management has a tre- 
mendous responsibility in finding people of the proper 
ability—no matter what their birth, religion, racial 
origin, or formal education; in giving them the vision 
they need; and in conveying to them the knowledge, 
the skills, and the understanding they require. In 
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YOU WANT WET-STRENGTH 
IN A HURRY—{ 


UrormiT_E 700 gives you high wet-strength off-the-machine, 
in almost any type of furnish, whether it be groundwood, 
kraft, sulfite, or rag. 


In facial tissue, bag stock, toweling, food wrap, map paper, 
or liner board, the wet-strength is there when you ship. 
There’s no need to wait for natural aging. 


UrormiTeE 700 gives you these other advantages: — 
High efficiency—over a wide range of resin-to-pulp ratios 
Adaptability—to almost any furnish 
Ease of mixing—without acid, aging or special equipment 
Convenient pH control—with acid, alum, or blends of 
acid and alum 
Wide flexibility—in point of addition 

Write for your sample of UrormiTE 700 and for technical 


literature. For detailed recommendations, tell us about 
your special problem. 


CHEMICALS FOR INDUSTRY 


ROHM ¢ HAAS COMPANY 


THE RESINOUS PRODUCTS DIVISION 
Washington Square, Philadelphia 5, Pa. 


Representatives in principal foreign countries 


Urormite is a trademark, Reg. U.S. Pat. Off. and in principal foreign countries. 


every society we have any knowledge of, in the past, 
the economy could afford only a very small number of 
educated people. The great bulk of humanity always 
had to work with their hands lest society starve. Un- 
der today’s industrial conditions, for the first time the 
opposite is the case: our real problem is that we cannot 
afford large masses of uneducated people; that the more 
educated, the more conceptually trained, the more 
managerial people we possess, the stronger we become. 

4. In the fourth place, we must never forget that 
this also creates a tremendous problem in the managing 
of people. Indeed our methods of management by 
command have already become obsolete. The highly 
trained, highly educated employees we need in the 
business of today and tomorrow, people who will have 
to work by using their own judgment and their own 
knowledge, cannot be ordered about. They must be 
led to give their best voluntarily. They must be man- 
aged by objectives and measurements, by persuasion 
and leadership. Thus the new technology involves 
new’ competence, new skill, and a new basic under- 
standing“in the management of working people. 

5. Fifth, in the interest of the business as well as in 
that of society, we will have to learn to make employ- 
ment as stable as possible. I am here, let me emphasize, 
not referring to the guaranteed annual wage some of our 
union leaders are talking about. The attempt to 
guarantee security of employment is as futile as an 
effort to insure immortality. It can only end in bitter 
disillusionment. And in the process of attempting it 
we would tend to paralyze our economy. But the 
interests of the individual business enterprise them- 
selves, as well as those of society, demand that we go as 
far as is economically sound in the direction of stabiliz- 
ing employment. To get rid of large masses of people 
under the new technology when economic conditions 
change for the worse, will be very expensive for busi- 
ness. Far too many of its people possess singular 
skills and knowledge which, once lost, are not easily 
replaced. At the same time society today demands 
that the employee be given the optimum of income and 
employment stability. 

6. Sixth, the new technology imposes upon manage- 
ment decisions for an even longer future than the one for 
which we have to make plans and decisions now. 
Hence management obviously needs much better tools 
to make long-range decisions than we now possess; 
tools of economic analysis which go far beyond the 
attempt to read the business cycle to which so many 
managers and economists confine themselves today. 


One tool which in my own company has proved 


effective over a quarter-century now is “management 
by objectives” under which for every major product 
line 5-year sales goals are set at frequent intervals. 
These objectives then determine what capital invest- 
ments we shall have to anticipate making; what. profit 
margins we should seek; how much we should spend for 
research and development, for marketing organization, 
sales promotion and advertising; how many manage- 
ment people we shall need—where and with what 
qualifications. These objectives are of course only a 
compass bearing. They have to be re-examined fre- 
quently. They have to be adjusted to economic dis- 
turbances or to product developments that come out 
of the laboratory or result from our competitors’ 
efforts. But the setting of these objectives helps us to 
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manage. They enable us to decide where we should be 
at any given time in the future, and to find out what we 
must do to get there. They finally enable us to meas- 
ure our progress and achievements, to see whether we 
are growing or standing still, advancing or sliding back. 

7. In the seventh place, the need for long-range 
decisions also means that manager development be- 
comes vital in every business. For only the deliberate 
training of managers who can rectify the positions 
management takes today can convert long-range de- 
cisions for an uncertain and always unknowable future 
into rational and successful ones for tomorrow. Also, 
the demands on executives are increasing so fast that | 
we have to make sure that the competence and per- 
formance of our managers grow with them. In short, 
management development which does not Just consist 
of picking out a few “crown princes” to replace today’s | 
top managers but which works systematically and con- 
sciously at the improvement of performance and ability | 
of the entire manager group, is a vital necessity under | 
modern industrial conditions. 

8. Finally, we have to learn to apply much more | 
thoroughly and much more consistently the science | 
of management. We have learned, during the last | 
50 years, a tremendous amount about managing. | 
While it may never be an exact science, it certainly has | 
acquired the status of a true profession. Obviously the 
more we apply its principles and concepts to the actual 
job of running a business enterprise the better we will 
manage. Here lies one of the biggest areas for the im- | 
provement of management performance. , / 

But the new technology also makes heightened de- | 
mands on the social responsibility of management. 
It requires in particular that we so manage as to root 
our decisions and the actions of the enterprises we are 
responsible for in: 


The principles of liberty, not the principles of compulsion; 

The principles of reason, not the principles of force; 

The principles of leadership by objective goals and by inte- 
gration of voluntary efforts into cooperative teamwork, 
rather than leadership by command or fear; 

The principles of morality, not the principles of materialism; 

The principles of religion, not the principles of atheism; 

And finally that management and the business enterprise be | 
rooted in the deep belief that however complex society and 
its social relationships may become, the natural rights of the 
individual as a person, including the right to acquire and 
hold property, are of a different order of priority than the 
rights of society. 


Perhaps you are surprised that a hard-headed busi- 
nessman like myself should define management in 
terms of morality. Perhaps—I trust not—you may 
say to yourself that these are the things one is expected | 
to say in a speech, but they can be forgotten when one 
returns to his daily work. Let me therefore stress 
that it is precisely because I am a hard-headed business- 
man that I lay the foundations of management on 
moral values. My working life has paralleled the 
great industrial revolution in the United States; it has | 
paralleled the growth of my own company. Looking 
back on this past half century, I see above all that it is 
the moral values, the moral foundations, that are hard- 
headed and practical. Leadership on any other basis 
misleads and ruins. If it be sentimental, sentiment, 
as in the case of Hitler, always turns into bestiality 
and oppression. If it be expedient, expediency, as 
Mussolini’s example, always results in ultimate failure. 
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ZEOLITE SOFTENERS (Ion 
Exchange) quickly remove 
hardness .. . prevent trou- 
blesome scale in bleach 
tanks, boilers. Reduce 
staining iron, manganese. 


Process water that looks crystal 
clear can be the cause of your pro- 
duction headaches. 

Small amounts of color or sus- 
pended matter stain, streak and 
dull white and colored products. A 
trace of iron or manganese stains 
all products .. . even unbleached! 

Water hardness forms scale. It 
contaminates pulp in bleaching... 


Water Conditioning Headquarters for Over 40 Years 
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PRECIPITATOR clarifies and softens cold water. Reduces 
turbidity, color, iron and manganese... banishing 
stains, off-shades, dull products, 


FILTERS remove the last traces of suspended impuri- 
ties for clear, bright products. Rapid gravity type 
in concrete or steel and pressure filters—all sizes. 
Automatic or manual control. 


shortens wire life through frequent 
souring. 

Choosing the proper equipment, 
controls and accessories to elimi- 
nate your problem calls for spe- 
cialized experience. That’s where 
Permutit can help you. 

Permutit Engineers work with 
a complete range of water condi- 
tioning equipment—all types, all 


Your Permutit engineer can help you decide... 


sizes. They can recommend the 
process that best solves your prob- 
lem... pays for itself in higher 
paper quality at lower cost. 

Write for full information. The 
Permutit Company, Dept.TAP-11 
330 W. 42nd St., N. Y. 36, N. Y., or 
Permutit Company of Canada, 
Ltd., 6975 Jeanne. Mance Street, 
Montreal. 
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NEW ADDITIVES 


for 


POLYETHYLENE, MICRO 
and PARAFFIN BLENDS 


Converters of waxed pa- 
per, glassine, paper straws, picnic plates, shelf 
paper, locker wrap, paper cups and _ similar 
items are no longer limited to properties which 
result from varying this three component 
system, 


PYROXYLIN offers in- 
teresting new compatible additives (butyl rub- 
ber—polyisobutylene—cyclicised rubber) dis- 
persed in a variety cf waxes, oils, micros and 
fats. 


These so-called PROX- 
MELT CONCENTRATES do not require 
heavy expensive dispersing machinery or great 
expenditures of power to incorporate them in 
your wax blends. PROXMELT CONCEN- 
TRATES are supplied at the optimum concen- 
tration which can be quickly and ec snomically 
blended ... easy as stirring sugar into your 
coffee. 


A list of our most com- 
monly used PROXMELT CONCENTRATES 
will be sent to you upon request. Also, we 
manufacture special hot-melt blends to. speci- 
fication. Samples are readily available. 


Our representatives will be glad to consult 


with you on methods of using our product. 


PYROXYLIN 


PRODUCTS, Inc. 


CHICAGO 32 


I would be the last person to pretend that we here in 
the United States know all the answers. I am only tox 
well aware of the tremendous problems of an industria 
society—many of which we have yet to tackle. I an 
only too conscious of the mistakes we have made anc 
are making—mistakes for which the generations that 
will follow us will have to pay a heavy price. But one 
thing we have learned in these 50 years of growth anc 
development; namely, that management, precisely 
because it is responsible leadership, must be moral in 
its fundamental principles. 

I stress this above all because I see such tremendous 
opportunities for management under present-day} 
conditions. In Western Europe, for example, the 
cradle of modern industry, I see a new stirring under the 
scars and ruins left by war and oppression. A new 
young generation of managers seems to be emerging’ 
eager to do new things, tired of the false security of 
state control, subsidies, and regimented markets, deter- 
mined to prove wrong the lugubrious prophets of 
Europe’s doom. 

The new technology will give strength to these forces} 
at work throughout the Free World. It will help to) 
bring nearer the international unity of free peoples, a 
unity of purpose, belief and direction, based on diversity) 
of tradition and culture, on mutual interest and on| 
mutual respect. It will help to make stronger new) 
countries seeking to develop new industries or old coun-} 
tries striving to recover the leadership, courage, and) 
vision that were theirs of old. 


But the new technology will prove beneficial to the 
peoples of the Free World only if we in management 
use it right. It requires more than ever that we, in 
managing, root our decisions and actions on the bedrock | 
of moral principles, that we lead not only through com- 
petence and skill, but through vision and responsibility 


“Scientific management”? began 60 years ago, as al 
study of individual motions in the performance of 
specific jobs. For many people “scientific manage- 
ment” is still a specialized discipline concerned with 
technical skills. However, we have gone far beyond the 
work of the pioneers, even though we have built on 
their foundation. Scientific management today is the 
systematic organization of economic resources for 
economic and social betterment. It is the carefully| 
planned and organized leadership of people to multiply 
their efforts for the common good. The challenge 
which the industrial progress of the future poses to top| 
management is above all else to apply in practice what. 
we have learned in 60 years of “scientific management.” 


It is also a challenge to us to make of management | 
bond of unity. In this age of nationalist passions, we! 
sorely need common ties transcending the barriers of 
language, class, race, and custom. One such bond, the 
greatest, is religion. Another one is science with its 
international language and its universal method. A 
third one should be management with its common prob-: 
lems, its common work, its universal responsibilities. 
The extent to which we make management a bond of 
unity, internally as well as internationally, will be the 
test of our claim to leadership in today’s industrial 
society. 


Presented at the Ninth Engineering Conference of the Technical Associa- 
tion of the Pulp and Paper Industry, Philadelphia, Pa., Oct. 20, 1954. 
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REPUTATION,GOES A LON 


World-wide confidence in B&W Recov- 
ery Units is indicated by orders from 
mills all over the globe. 


Now on order for National News- 
print & Paper Mills, Ltd., of Chandni, 
Central Provinces, India, is a B&W 
Recovery Unit designed to burn 10,825 
Ib of black liquor per hour and to 
deliver 19,800 lb of steam per hour at a 
design pressure of 200 psi and 378 F. 
Ebasco Services Incorporated is super- 
vising the installation and operation of 
this plant. 


Highly efficient chemical and heat 4. 
recovery, low-cost operation, reduced h 
maintenance, and service-proved de- =| 
pendability, are some of the features 
responsible for a B&W repu- 
tation that is fast becoming 
known wherever pulp and 
paper mills operate. The 
Babcock & Wilcox Company, 
Boiler Division, 161 E. 42nd 
Street, New York 17, N. Y. 
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Typical BGW Recovery Unit with BEW Cyclone Evaporator 


Ay 
BABCOCK 
& WILCOX 


8 
C/LER DIVISION 


P-775 
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Greater production 
of corrugated board 
...less waste 

with GLOBE Corn Starch: 


A stronger board with excellent bond is produced when) 
you use Globe Starch. It yields low spread figures because! 
Globe Starch does not stick to metal, the adhesive can be) 
run the full width of the medium, thereby reducing trim 
waste. When heating facilities are available, speed can 
usually be increased 10% to 20% over speeds used with 


other adhesives. Globe is preferred because... 


e high viscosity types 


are available 


e it has stable viscosity 


in circulation 


e it has increased adhesiveness 


Ask our man for further details and free 


technical information. Write 


GLOBE 


brand 


CORN STARCH 


“Always available” 


CORN PRODUCTS REFINING CO. 
17 Battery Place, New York 4, N. Y. 


There is a Globe Starch 
to meet your every need. 
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Famous Jones engineering, and over 
one-hundred years’ experience with 
every type mill and all kinds 

of paper, are at your service... 
insure satisfaction, whatever your 
requirements, when you specify 
JONES maintenance, repair and 


modernization parts and accessories. 


JORDAN PLUGS AND FILLINGS 
Type P-B PLUG. Dynamically balanced at oper- 
ating RPM. Easy refilling — no bands to shrink 


on. Bands mounted permanently in place. Made 
in sizes to fit any make or size of Jordan. 


Greylock Shell Filling. Pre-assembled in a 


rugged conical assembly. Harrigan design with 
patented Nowave feature. Bars and woods of any 
desired standard materials. 


NUMBER OF SMELL BARS THIS SIDE 
OF LINE DOUBLE THE NUMBER AT 
os ee SMALL EMD OF SHELL. TO BALANCE 
AVVERNATE BARS iM MIDDLE SECTION : FLING AH FG 
RAVELLED AWAY AT ANGLE TO MATCH 
WEAR OF FLING 


Nowave Patented Plug & Shell Fillings pro- 
vide precise plug and shell alignment, better 
and more uniform refining, straighter bar wear 
— no waves or shoulders, longer filling life. 


BEATER ROLLS AND BED PLATES 


Built in all types and sizes for any make of 
beater, JONES Beater rolls, bars, woods and 


bed plates incorporate advanced design, sturdy 


construction and the finest of workmanship 
and materials. 


On every maintenance or replacement 
problem, it will pay you to 


consult your Jones representative first. 


_E. D. Jones & Sons Company, Pittsfield, Mass. 
OF QUALITY STOCK PREPARATION MACHINERY 


In Canada: The Alexander Fleck Limited, Ottawa 
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BY YEARS 
OF SERVICE 


OLIVER UNITED 


OLIVER 


Brown Stock Washer 
Bleach Washer (Stainless or Rubber-Covered)| 
Decker | 
Sulphite Washer (Stainless) 


Oliver Groundwood Decker 
Oliver High Density Thickener | 
Oliver Saveall (Drum Type) 

Oliver American Saveall (Disc Type) 
Oliver Board Former 

Oliver Lime Mud Filter 

Sweetland and Kelly Pressure Filters 


Oliver-Ahlfors Upflow Pulp Screen 


Oliver Vacuum Pump 
Oliver Filtrate Pump 


Olivite Acid Handling Pump 
ODS Diaphragm Slurry Pump 
Oliver Centrifugal Pump—(Stainless Steel) 
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And in this service to your industry, going back to the 


early twenties, you can find several pioneering steps on 


the part of Oliver United engineers, each step leading to 


improved operations and lower pulp handling costs. 


PULP and PAPER MILL EQUIPMENT 


Take, for example, the Oliver Washers and 
Deckers, developed by Oliver United engi- 


neers. These units have shown conclusively 


that they give superior service. 


OLIVER-AMERICAN DISC TYPE SAVEALL 


Another important development for the paper 
manufacturers is the adaption of the Oliver 
American Disc Type Saveall. Its place in the 
mill picture is in handling certain types of slow 
stocks; or with high speed machines or with 
very large machines where extra large vol- 
ume of water is being handled. This filter re- 
quires much less floor space than the drum 
type saveall for any given filter area. 


And now we are offering a 7’ diameter 
Oliver American Disc Filter, with from 2 to 
8 discs (140 to 560 square feet filter area). 
Now smaller tonnage mills with conditions 
outlined above can enjoy the advantage of 
this highly efficient disc type saveall. The 
larger % diameter units, developed earlier, 
range in size up to 1344 square feet of filter 
area. 


OLIVER-AHLFORS UPFLOW SCREEN 


We brought to this Country, adapted, and 
then introduced the Ahlfors Upflow Screen, 


which provided many advantages over the 
conventional types. 


OLIVER BOARD FORMER 


For many years the Oliver Board Former has 
shown exceptionally high capacities. Several 
Units are turning out better than 700,000 
square feet of 12 inch insulation board every 


24 hours. These Board Formers are also in 
operation in various installations all over the 
world producing high quality hard board. 


Hundreds — in fact the number is close to 1500 — Oliver United units are 
serving your industry well. They were engineered and installed and are 
being serviced by men who know the Pulp & Paper Industry and its problems. 


WORLD WIDE SALES, SERVICE AND MANUFACTURING FACILITIES 


OLIVER UNITED FILTERS 


NEW YORK 36 — 33 West 42nd Street ° 
OAKLAND 1 — 2900 Glascock Street e 


CHICAGO 1 — 221 North LaSalle Street 
SAN FRANCISCO 11 — 260 California Street 


FACTORIES: 


Hazleton, Pa. 


Oakland, Calif 


International Sales Office—New York ¢ Cable—OLIUNIFILT 
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Shovel-loading 
at vat face. 


Crude Sulphur 


for Industrial Use 


Texas Gulf Sulphur Co. 


75 East 45th Street + New York 17, N. Y. | 


e NEWGULF, TEXAS 
e MOSS BLUFF, TEXAS | 
e SPINDLETOP, TEXAS 
e WORLAND, WYOMING 


Producing Units 
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How Celite increases opacity up to 50% 


... and improves printing surface, too! 


Leavinc paper mills 
have increased opacity 
of sheet up to 50% by 
adding small quantities 
of Celite* diatomite powders to their furnish. At the 
same time they have obtained better absorption 
qualities such as improved ink receptivity. 


A test run in your mill will quickly demonstrate 
how you may secure similar advantages. You will 
find that Celite has a highly porous structure and 
excellent suspension properties, resulting in high 
retention of the Celite and also of the hiding pigments. 
Celite increases sheet opacity more than any other 
common mineral filler. 


Saves $3 to $15 per ton of pulp 


Celite is even more effective, however, when used in 
combination with TiOz. It helps retain more TiO2 

in finished sheet, gives dry opacity and high brightness 
equal to that when TiO; is used alone. And since a 
substantial portion of costly TiO2 is replaced with 
lower-cost Celite, savings of $3 to $15 
result for every ton of pulp. 


iy 
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To prove these advantages of Celite, a Johns- 
Manville Celite Engineer will gladly assist you 
in making trial runs in your mill. There is no 
charge for his services. Simply write Johns- 
Manville, Box 60, New York 16, N. Y. 


*Celite is Johns-Manville’s registered trade 
mark for its diatomaceous silica products. 
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JOHNS -MANVILLE 


4 Johns-Manville CELITE 72732:2:"" 


PRODUCTS 


TAPPI - November 1954 Vol. 37, No. 11 33 A 


Better Mill 
operation... 


Better finished 
product... 


pH control in your bleach plant will 
4 ore quality and save chemicals. 


pH control on your paper machine will 
improve and maintain quality and permit 


v 


higher machine speeds. 


with Foxboro pH Measurement and Control Systems 


Wherever pH is an important factor in your 
process, automatic measurement or control by 
Foxboro instrumentation can bring big improve- 
ments in results. It means brighter pulp in bleach- 
ing with minimum chemical usage... better 
quality paper at higher machine speeds... 
more reliable machine operation . . . or any of a 
number of other advantages. 

BASED ON DYNALOG ELECTRONIC INSTRUMENTS 
Designed with the Foxboro Dynalog” as the basic 
instrument, Foxboro pH systems take full advan- 
tage of the greater sensitivity and reliability of 
electronic circuits. The Dynalog provides flaw- 
less, stepless, continuous measurement or control 
through use of a simple variable capacitor. It has 
no slidewire, no batteries to standardize, no high- 


OXBOR 


REG. U. S. PAT. OFF. 


speed motor, gears or galvanometer. Mainten- 
ance is eliminated, except for occasional replace- 
ment of standard radio tubes. Available in 
recording or recording-controlling models. 


Beckman glass electrodes are the primary meas- 
uring elements of Dynalog pH systems. They are 
suitable for use in nearly all types of liquids, 
regardless of color, viscosity, rate of flow, sus- 
pended solids, oxidizing or reducing agents. 
WRITE FOR COMPLETE INFORMATION 

Whatever your requirements, there is a Foxboro 
Dynalog pH System to meet them. Consult your 
nearest Foxboro representative — or write for 
Bulletin 430. The Foxboro Company,7811Nepon- 
set Ave., Foxboro, Mass., U.S.A. Branch offices in 
principal cities. 

*Reg. U.S. Pat. Off. 
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MACHINERY INC. 


Its horizontal power feed permits the handling of 
material of any length in single floor installations. 


One of these units will economically handle all the 
... ‘perhaps the first of its kind to invade the high chippable residue of any sawmill up to the 150M-F.B.M. 
quality pulp chip field” . . . (American Pulpwood Asso- per day class. 


iati 01). 
Beem acicee, 1201) Ten inch diameter whole logs and sixteen inch width 


For the quality processing of your sawmill residues slabs are readily handled. 
and logging slash, we offer this rotary cutter head 
type chipper. Write for more information. 


Res 


SHERBROOKE MACHINERIES LIMITED, SHERBROOKE, QUEBEC, MANUFACTURE SIMILAR EQUIPMENT IN CANADA F2-a 
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A LAYMAN LOOKS AT TAPPI 


J. W. WARNER 


oe See 


IN APPEARING before 
this distinguished group, 
I am reminded somewhat 
of a character, Sam Swink, 
from the late Judge Samuel 
Baldwin’s immortal classic 
“Flush Times” in Alabama 
and Mississippi with which 
many of you are familiar. 
For the benefit of you who 
are not, however, ‘Flush 
Times” is a history of the 
Legal Bar in West Alabama 
and East Mississippi during 
the halcyon period of 1837— 
41. It seems that in those 
days whenever a man failed in any kind of business he 
invariably applied to the Judge of the Circuit Court in 
his area for a license to practice law, which the Judge 
usually granted after going through the preliminary of 
asking a few perfunctory questions. Well, Sam was a 
cross-roads grocery man who had failed in business, 
so he appeared before the Court to stand an examina- 
tion to become a licensed member of the legal profes- 
sion. One of the questions asked Sam was: Whose 
child is an illegitimate child? Well, then as now, as 
most of you know, an illegitimate child belongs to the 
mother; the father has no rights at all. 

Sam’s reply was: “Judge, I ain’t never seen nothing 
like that in no law book, but I have generally noticed 
that it belongs to the young man in the community most 
able to pay for its upkeep.”’ 

Sam’s approach to the problem was that, not of a 
member of the profession, but of a layman, a practical 
or everyday approach, if you please. 

In talking to members of TAPPI, my remarks 
must of necessity be like Sam Swink’s, those of a lay- 
man. 


J. W. Warner 


If a member of any profession is to offer wise counsel, 
he must know the reasons behind his every move: 
particularly is this true of the chemical profession. 
It has often been said that a doctor buries his mistakes. 
A technical man’s mistakes, however, are not so easily 
disposed of. They remain for years as an ever-present 
reminder not only to the man himself, but to the mem- 
bers of his profession, and above all, to the people he is, 
or should be, trying to reach, the operations people 
and management, in whose hands is the major portion 
of the production of paper. 

There is a little quatrain by Rudyard Kipling that I 
like to think of as being applicable to most any subject 
or situation, and it is upon part of these lines that I am 
going to base my remarks this noon. They are: 


yes Warner, Executive Vice-President, Gulf States Paper Co., Tuscaloosa, 
Ala. 
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T have six honest serving-men 

(They taught me all I knew) 

Their names are What and Why and When 
And How and Where and Who.” 


You will note that Kipling’s first honest serving- 
man’s name is WHAT. The first question that natu- 
rally arises, therefore, is what chemistry? Webster 
defines chemistry as: the science that treats of the 
composition of substances and of the transformation 
they undergo. We here today, however, are primarily | 
concerned with alkaline pulping. I do not know the 
definition you members of TAPPI have for alkaline | 
pulping. To me, a layman, alkaline pulping, simply 
put, is the use of chemistry and chemical engineering 
to separate the socially and economically useful com- | 
ponents of a tree from those components for which no 
beneficial use has been developed. 

The socially and economically useful part of the 
definition I can understand. This sulphate industry / 
has not made its tremendous growth since the 1930’s 
because someone wanted to build a plant. It will not 
continue to grow or even stay where it is, unless it 
continues to supply desired and useful products. The 
man with a dollar to spend does not concern himself 
with creating opportunities or jobs for others. He is 
only interested in getting the most of his desires for 
that dollar. The number of people employed, the 
vast forest program, the tremendous investment in 
plant, or the fact that the paper industry is the 5th 
largest have no influence on him whatever. He is not 
a philanthropist, when purchasing his needs. Under | 
the American system we must not only merit but earn 
our position in society. Our technical advances must | 
recognize this proposition, and it is largely through | 
them that we maintain our position. Any way you| 
stack the What of our definitions, it must come out as a| 
more useful and better service to human welfare. 

Right here I would like to digress for just a moment, 
and offer what I think and hope you will take to be a 
word of constructive criticism to the members of this 
profession. | 

I believe myself to be a person of average intelligence | 
and education. There have been times, however, 
when in discussing technical problems with various 
members of the profession, that it would not have been 
difficult for me to follow them a lot quicker or faster 
had they expressed themselves in less technical and 
scientific terms, or technical twist of mind, if you please. 
There are many people working in the industry who 
have no technical background, or technical perspective. 
All of the nontechnical people must understand what, 
you people are trying to do or say. It is my candid 
opinion that many of the nontechnical people could not 
have understood them at all, had they couched their 
talk with them in the same language they used in 
talking with me. It has been my observation that the 
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An important event in the history of papermaking efenigs s Quality 
Nicholas-Louis Robert’s invention et the oe aaa Bee taley Produc 
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A. E. Staley Mfg. Company, Decatur, Ill. 
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practice of being technical is not peculiar to this pro- 
fession, but is common to all professions. Under the 
American system all members of the team must under- 
stand the signals if we are to be a success. 

In this connection, I am reminded of the story that is 
told about Charles F. Kettering. It seems that not 
long after Kettering invented the automobile self- 
starter in 1910, he attended a convention of electrical 
engineers. One of them walked up to him and indig- 
nantly blurted out: Mr. Kettering, you have violated 
the fundamental principles of electricity. Mr. Ketter- 
ing smiled and replied: “I didn’t violate the principles 
of electricity. I just invented the self-starter.” 

Once again, I say I hope that you will take this 
criticism from a layman in the spirit in which it is in- 
tended. 

Now, let’s talk a little about Kipling’s second honest 
serving man, WHY. 

Why technical men in industry: honest serving-man 
no. 2, if you please. 

All of& you have heard the expression: He recovered 
in spite of the doctors. Some of you may not agree, 
but I believe the industry would not have grown as it 
has without chemists. 

My grandfather established a bag factory at the old 
Orange, Tex., mill in 1912. Later, he built a kraft 
mill at Braithwaite, La., in 1915. The product in 
those days was known as nigger kraft. It often con- 
tained so much kerosene that the paste would not hold 
the bags. Nobody wanted it. We hired a consulting 
chemist for help. From this beginning we acquired our 
own chemists. 

A doctor or a lawyer does not locate in a community 
where there is no sickness or litigation; where there is 
no need for his services. A business does not add to its 
staff for fun. Today, there are many technical people 
in the industry. The growth of your organization re- 
flects their increase. 

Why? I say that it is for two reasons: 

1. They came because there was both an oppor- 
tunity and a need for them. 

2. They remain because the development of the 
industry they helped bring about increased the de- 
mand for their services. 

Much has been done in the industry and much more 
remains to be done. That which we do not know 
greatly exceeds that which we do know. Our forests 
are our only renewable natural resource. Foresters 
have and are making great strides in improving this 
resource. Utilization must keep pace with and aid in 
improving this forest resource. We need better utiliza- 
tion of the tree. Not only the parts not now too de- 
sirable for pulping, but the parts now used as fuel. 
Waste wood species now crowding the pines must be 
utilized. The technical professions in the industry 
must work together now to give us a more economical 
and far-sighted utilization of our forest resources. 
If we work wisely we can pass on to the future genera- 
tion a greater resource than was passed to us. This 
is not true of other resources. 

WHEN—technical coordination? 

The time is now. We have too long pushed our 
progress by point of interest. It isn’t enough to have 
a good program, good technical design, or a good 
operation. We are a forest industry. Our program 
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must be coordinated operation that makes for the best 
and most complete utilization of the natural resources 
God has and is giving us. 

Honest serving man no. 4—HOW? 

Throughout this talk I have entertained the hope 
that you would bear in mind that my remarks are those 
of a layman, an ordinary citizen, if you please. I have} 
tried to tell you how chemistry is looked at through the 
eyes of the ordinary citizen, Joe Blake or Jim Jones. 
I would not now be so presumptuous as to attempt to 
tell you, how. Still speaking as a layman, however, 
I cannot forego the opportunity to caution you to prac- 
tice your profession in a language that the so-called man 
in the street can understand. To accomplish that for 
which you are striving, you must be understood. 
In my contacts with technical people, I frequently have 
the feeling that they are prone to consider technical 
work an end in itself, as a motive in itself. The aim of | 
any business is to make a desired product, to make it 
efficiently in order that it may be sold at a profit for the 
stockholder. A laborer must be worthy of his hire; 
capitol is entitled to a fair return on its investment. | 
Technical action that contributes toward these ends is 
useful; technical action that does not lead in this di-| 
rection is at best rather academic. It may, in fact, 
even thwart the purpose for which the technical person- | 
nel were employed. 

And now for honest serving-man no. 5—WHERE 
chemistry? 

The answer to that question is quite obvious—in all 
its phases and wherever the interests of mankind can 
be best served. You and I, however, are primarily 
concerned with chemistry in the pulp and paper in- 
dustry. It is my considered judgment as I have pre- 
viously stated, that the most fertile field, the field that 
offers the greatest opportunity, a field that will chal- 
lenge, not only your technical knowledge but your 
patience as well, the field in which you can best play 
your part in conservation of our God-given natural 
resources, is the field of wood utilization. 

WHO chemistry—Honest serving-man no. 6. Your 
selfish interest and my selfish interest answers that 
question with one word, TAPPI. Selfishness has never’ 
been a characteristic of the scientist, however. Had it 
been, the world would not today know the standard of 
living that the countries operating under the free enter- 
prise system enjoy. I would urge you, therefore, to be 
continually diligent in the future, as you have been in 
the past, in search of new, better, and more economical 
methods of accomplishing that for which youarestriving. 

The goal for all of us is achievement and accomplish- 
ment. ‘TAPPI has made great strides in the field of 
pulp and paper chemistry. Distant horizons, however, 
beckon the chemist ever onward as they did the pioneers 
in days gone by. To attain the What, Why, Where, 
and Who of chemistry is going to require more than! 
laboratory chemistry. It is going to require ut 


ful planning by management and as a source of suppl 
for executives, chemistry can be of great service to th 
wood-using industries of the world. The most serious 
shortage American business faces today, according t 
News Week is not a shortage of certain basic raw ma 
terials or trained technical men, but a shortage 0 
management talent. I was interested in an article in 
the same issue of News Week titled—What I Look for 


Vol. 37, No. 11 November 1954 TAPPI 


TORRINGTON BEARING S§ A T WOR K 


TORRINGTON SPHERICAL ROLLER 
BEARINGS’ load capacity and self-alignment feature 
keep this Bagley & Sewall high speed Fourdrinier 

wet end operating smoothly and efficiently despite 
vibration and the long support between bearings. 


For longer life...at lower cost 


TORRINGTO 


Spherical Roller 


You'll get faster, more efficient produc- 
tion, longer bearing life when you specify 
TORRINGTON SPHERICAL ROLLER BEARINGS 
on paper machine wet ends, press sections, 
dryers, calenders and slitter winders. 

TORRINGTON SPHERICAL ROLLER BEAR- 
INGS are manufactured with an integral 
center flange on the inner race. This means 
you'll get positive radial stability and 
accurate positioning of thrust loads. 

One piece, cast-bronze, land-riding cages 
—one cage for each roller path—assure 


freedom of operation. Accurate geometrical 
conformity between races and rollers de- 
velops maximum load bearing capacity 
at all times. 

Specify TORRINGTON and get these oper- 
ational advantages in your equipment. 
TORRINGTON SPHERICAL ROLLER BEARINGS 
are available from stock with either straight 
or tapered bore—for shaft or adapter 
mounting. 


THE TORRINGTON COMPANY 
South Bend 21, Ind. Torrington, Conn. 


District Offices and Distributors in Principal Cities of United States and Canada 


e Needle oe Tapered Roller « 
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USE THE OIL 
THAT CLINGS! 


Forget the lubrication marathon that keeps one or 
more men busy all the time lubricating surfaces where 
ordinary oil doesn’t stay put long enough! Where 
ordinary lube oil drips and runs off, Magnus Kling-Oil 
stays on the job. Its lubricating quality is equal to that 
of any good SAE 30 oil, but because Kling-Oil is tacky 
as well as mobile, it stays put much longer... elimi- 
nating many of the oilings formerly required. 


No Drip...No Splatter...No Puddling 


You'll have a safer and far neater mill when you use 
Kling-Oil. And because lubrication will always be at 
top-notch effectiveness, you can expect worthwhile 
savings in power consumption. 


THERE’S A FREE SAMPLE READY FOR YOU. 
ASK FOR IT! 


MaGnus 


MAGNUS CHEMICAL CO., INC. 
104 South Ave., Garwood, N. J. 


In Canada: Magnus Chemicals, Ltd., Montreal 
Service Representatives in Principal Cities 


in Picking an Executive. Donald Douglas, president 
of the Douglas Aircraft Co., said, and I quote: “Tech- 
nical competence is only one essential for executives. 
Personally, I seek a warm, balanced human being. 
Good executives, and I would add good chemists, 
must have judgment, self confidence, a sense of justice 
tempered with kindness, a sense of fair play, an instinct 
for team work, and a talent for helping and teaching 
their associates.” Thomas J. Watson, Board Chair- 
man of the International Business Machines Corp., | 
has this to say on the subject of picking good men: 
“Nobody can develop a good man, What I have done 
is to give my men an opportunity to develop them- 
selves. That’s why I have always picked men with 
individuality, imagination, and the courage to make 
mistakes.” Next, I quote Ben Moreel, Jones & Laugh- 
lin Steel Corp. board chairman, on the subject. Here’s 
what he has to say: ‘“The distinguishing characteristies 
of a successful top man are more qualitative than 
quantitative. We are looking for qualities covered by | 
the five I’s: intelligence, imagination, interest, in-} 
tegrity, and initiative.” 

And finally I quote: The day is passing when a man | 
ean get ahead by just knowing gimmicks and gadgets. 
The new type of industrial leader must know what's | 
going on in the world, know how it’s going to affect his | 
business. He has a broad view, not confined to merely | 
one specialty. 

TAPPI has in the past furnished, and is now furnish- 
ing many, probably more than its share, of good execu- | 
tive timber; men who possess the qualifications out-| 
lined above. The pulp and paper industry looks to 
TAPPI for even more of such men in the future. 


T have six honest TAPPI men 

(They taught me all I knew) 

Their names are What and Why and When 
And How and Where and Who. 


Ladies and Gentlemen, you can’t beat them. 


Presented at the Eighth Alkaline Pulping Conference of the Technical As- 
sociation of the Pulp and Paper Industry, Birmingham, Ala., Oct. 6-8 
1954. 


AOth 


Annual Meeting 


of the 


Technical Association 
of the 


Pulp and Paper Industry 


Hotel Commodore, 
New York, N. Y. 


February 21-24, 1955 
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Are you as satisfied 


at the end of your day? 


Bringing in the bag from 
good hunting is no more satisfying 
than having your machines turn out 
extra tonnage of a perfect sheet. 

That is a satisfaction to 
which ASTEN Felts contribute. 


Economy in the long run 
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COMPLETE PACKAGED MACHINE 


Combining in one unit, in engineered bal 


two famous units —The Egan Extruder 


and the Egan Laminator. Planned for your 
current —or expanding — production, available 


in varying sizes—from 24” Pilot Plant Size 


to 96’, 1000 feet per minute continuous 


operation. Machines are capable of coating 


on paper and paperboard, cellophane, 


foil, glassine and cloth. 


FRANK W. EGA 
BOUND BROOK 


H Savsstasensonenen 
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5 Egan machines under construction. 
Approximately 75% of all polyethylene 
extruder-laminating machines now in 
operation anywhere in the world are 
Egan Equipment. 


30 Egan machines now in operation. 


FRANK W. EGAN & COMPANY, Bound Brook, New Jersey 


Designers and Builders of Machinery for the Paper Converting and Plastics Industries 
Cable Address: "EGANCO"— Bound Brook, N. J. 


Representatives: WEST COAST — John ¥. Roslund, 244>Pacific.Bldg., Portland, Ore. 
MEXICO, D. F. —M. H. Gottfried, Avenida 16 De Septiembre, No. 10. | 


Licensees: GREAT BRITAIN — Bone Bros. Ltd., Wembley, Middlesex. FRANCE — Achard-Picard, Remy & Cie, | 


36 Rue d’Enghien, Paris X©. ITALY — Emanuel & Ing. Leo Campagnano, Via Borromei | B/7, Milano. 
GERMANY — ER-WE-PA, Erkrath, bei Dusseldorf. 
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1. You remove bolts connecting dis- 
charge elbow and pump casing 
(A). To get clearance and save 
gasket, you telescope the dis- 
charge elbow into discharge con- 
nection by a simple jacking ar- 
rangement (B). 


es Ng Sty Oe Bh pn, 
3. Attach chain falls and continue to 
raise casing. (On smaller sizes you 
can swing back the top casing 
half with a rod or pipe through 
the cored hole in casing web.) 


Follow through the simple operation of this newly-designed, hinged- 
cover casing, as shown in these pictures, and you'll see how com- 
pletely it serves the requirement of better and faster maintenance. 


2. Remove bolts connecting upper 
and lower halves of casing (A). 
Loosen top nuts (C) and raise 
upper half casing on hinge pin. 
Tightening hex nuts (D) raises 
casing off side-plate locks. 


4. With pump completely open, you 
remove bearing cap, disconnect 
coupling and lift rotating element 
out. And you've had to break no 
piping connections, 


Bulletin 723.1 describes all the Fig. 3135 features that 
add up to advantages for you. Just write us, or use the 
coupon, and we’ll send you a copy promptly. 


ATLANTA e BOSTON « CHICAGO « HOUSTON « NEW YORK 
PHILADELPHIA « PITTSBURGH ¢ TULSA 


mAPPI 
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Goulds 
Stock 
Pump 


In less than ten minutes one man alone can swing back | 
the entire upper half of the new Goulds Fig. 3135 
paper stock pump and check or remove the rotating 
element—without disturbing pipe connections. 

Another new feature is the centerline discharge. The 
vertical centerlines of both suction and discharge are 
the same. This eliminates the need for right- and left- 
hand pumps, which saves on parts inventory. It also 
eliminates air binding and insures steady flow. If you 
need horizontal discharge, you merely rotate the dis- 
charge elbow at the top of the casing 180°. 

You'll find other practical innovations in this new 
stock pump—innovations that mean your mainte- 
nance men can now easily do their inspecting and over- 
hauling in much less than the time your machines are 
down for wire changes. 


Fig. 3135 Features 


Separate liquid end—available in bronze-fitted, alliron, 
all bronze and various stainless steel constructions. 


Centerline discharge located at highest point in casing 
eliminates air binding. 


Diagonally-split hinged casing gives quick access to 
rotating element, including bearing assembly. 


Nonclogging impeller has special warped vane and 
heavy renewable side plates. Built for heavy duty. 


Axial adjustment maintains proper clearance between 
impeller and suction side plate. 


Rotating element same as in the Goulds Fig. 3105 
stock pump, eliminating double inventory where both 
styles of pumps are in use. 


Telescopic expansion joint in discharge connector 
makes for easy removal of upper half casing. 


Available in 3”, 4”, 6” and 8” sizes with capacities to 
5000 RPM; heads to 220 ft. 


—— -—-—-—-—-—-—-——-—-4 


GOULDS PUMPS, INC. Dept. TP Seneca Falls, N. Y. 


Please send me Bulletin 723.1 describing all the features 
of the new Fig. 3135 stock pump. 
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REL ORES 


SINCE 1884 
Specialists in 
Design 
Installation 
and Servicing 
of Linings and 
Tile Tanks 


COMPLETE SERVICE 


Installation TILE TANKS 


and 


“meinen LININGS 


for Acid and | 


SULPHITE KRAFT OR SEMI-CHEMICAL 
Combustion Chamber and Absorption 


Digester Linings for Calcium, 
Soda and Magnesia Base Tower Linings 


Ammonia, 
Combustion Chamber, Acid Tower, Digester Linings 
and Settling Tank Linings Bleach Plant Tanks and Linings 
Acid Storage Tanks Pulp Storage Chests 
PAPER MILL CHEMICAL PLANT 


Acid and Alkali Storage Tanks 


Stock Storage Chests Pickling Tanks 
Wire and Couch Pit Linings Tower Linings and Packing 


Special Process Chests 


AUTHORIZED APPLICATORS FOR SARAN RUBBER & TYGON LININGS 


STEBBINS 


Engineerin 
g and Manufacturing Company, W 
, Watertown, N. Y 


STEBBINS E 
NGINEERIN 
CANADIAN STEBBINS ENGR : SORE: 150-4 TOWER BLDG 
: ear: CO., LTD. — CASTLE icc SEATTLE, WASH. 
« MONTREAL 
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Interior of Lukens Inconel-Clad 
steel digester, manufactured for Crossett 
Paper Mills by Wyatt Metal and Boiler Works, 
P.O. Box 3052, Houston 1, Texas. Since its 
installation some 344 years ago, annual corrosion is nil. 


Digester corrosion rate: 


Inconel, nil—Carbon Steel, 62 mils 


Consider the experience of Crossett Paper Mills, Crossett, Ark. 


They have used various forms of carbon steel and different alloys 
including Lukens Inconel-Clad for digesters. 


Eight mild steel digesters show an average corrosion rate of 62 mils per 
year. The Inconel-Clad digester shows no measurable corrosion. 


The evidence is clear, not only in the Crossett installation but in 
several other well known mills. 


Judging by mill experience in general, Inconel shows greatly improved 
resistance to alkaline pulp digester corrosion as compared to other 
materials of construction. 


If you want the latest data for any type of corrosion-resisting equipment 
for alkaline pulping processes, write our Corrosion Engineering Section. 
They will help you work out the solution for your specific conditions. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street New York 5, N. Y. 


, MONEL® + “R”® MONEL © “K”“® MONEL 
Nickel Alloys “KR“® MONEL © “S’“® MONEL © INCONEL® 
INCONEL ’X”® * INCONEL “W“® « 
INCOLOY® * NIMONIC® ALLOYS « NICKEL 


LOW CARBON NICKEL * DURANICKEL® 


Inconel... for longer service life 
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It is said that a wise Sioux medicine man once discussed 
the matter of making a living with Miranda Aurantia, the 
garden spider, who told him: “Coating control is the all- 
important factor. With it, | wrap up job after job very 


,” 


profitably. Without it, 1 wouldn’t be worth a ‘sou’. 


There’s something extremely significant in that for you, 
Mr. Papermaker-—since it’s your business to provide satis- 
factory finished sheet to meet numerous specifications. The 
importance of coating control is something you have occa- 
sion to recognize daily. 


And that makes us confident we can serve you to your 
great advantage—for we have lived closely with paper coat- 
ing problems for many years, and have developed the most 
complete line of paper coating chemicals available. These 
Nopco* products are specially designed to help you solve 
problems of viscosity control, foaming, even distribution, 
dusting, gloss, and moisture content. 


When our technical representative calls, let him show 
you how Nopco coating aids—defoamers, emulsifiers, plas- 
ticizers, and eveners—can help you wrap up job after job 
satisfactorily...meeting all of your customers’ specifica- 
tions with just the finished sheet required. 


LOOK TO NOPCO AS YOUR SOURCE 
OF SUPPLY FOR: 


Foam Killers ¢ Sulfated Oils « Emulsified 
Resins ¢ Coating Compounds e Wax 
Emulsions and Emulsifiers ¢ Rewetting 
Agents e Insoluble Metallic Soap Dispersions 
e Sheet Formation Aids ¢ Plasticizers e High 
Free Rosin Sizes ¢ Pitch Dispersants 


* Registered U.S. Pat. Off, 


NOPCO 


Chemical Company, Harrison, N. J. 


Branches: Boston - Chicago - Cedartown, Ga.- Richmond, Calif. 
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around the clock 


Sat the lowest possible cost. 
Digesters, built in mul- 


Over 90 CHEMI-PULPER Continu: 
tiples ranging from 2 to 8 tubes 


many grades of pulps from a tiety of raw materials. 

Wood chips or other cellulosic materials are fed to the 
CHEMI-PULPE es by crew Feeder, move 
through the tubes by conveyor screws, and cooked under pres- 
sure. Cooking liquor can also be introduced and circulated for 
those processes where it is required. A PANDIA Discharger then 
discharges the material continuously and uniformly to the at- 
mosphere. Within this apparatus, the cooking process itself is 
most flexible. Production rate, cooking time, pressure, etc. can 
all be altered in a matter of a few minutes with the result that 
within half an hour an entirely different type of product can be 
obtained. 

The CHEMI-PULPER Continuous Digester is the ideal equip- 
ment not only for cooking wood chips, but also for pretreatment 
processes, cooking of cotton linters, corn cobs, flax, bagasse, 
etc. The CHEMI-PULPER Continuous Digester has, in fact, proved 
itself adaptable to almost any pressure cooking process. 

One of PANDIA’S engineers will be glad to consult with you 
concerning your continuous processing requirements. 


Write for Bulletin C3. 


| 


Manufactured and Sold in Canada by 
THE ALEXANDER FLECK LIMITED, OTTAWA, CANADA. 


PANDIA INC. 


122 EAST 42nd STREET »- NEW YORK 17, N. ¥. 
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Whe world-famous FAWICK TYPE CB Airflex CLUTCH. 


For Further Informa- 
tion write for Bulletins 
400-A and ML-102. 


“ve 


FAWICK AIRFLEX DIVISION 


FAWICK CORPORATION 
9919 CLINTON ROAD + CLEVELAND 11, OHIO 


tle Sr 
NS 
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The NEW completely ventilated FAWICK TYPE 


VC Air-Ring CLUTCH. 


] Every industrial clutch application requires specific 
operating characteristics for highest efficiency and safety. 

Continuing the FAwick policy of supplying industry 
with the best in clutches and brakes, FaAwick AIRFLEX 
now provides, in addition to the world-famous Fawick 
TypPrE CB, the new completely ventilated FAwIcK TYPE 
VC Air-Ring CLuTcH. 

Clutch design features found only in this new VC 
CLUTCH include (1) cooler operation inherent in drum 
clutch design; (2) isolation of the operating tube from 
the heat-generating friction surface; (3) riveted, replace- 
able friction lining; (4) loose, expanding operating tube 
which can be replaced without removing the clutch 
from the shaft. 

This FAwick rigid-type VC C.LutcH is unmatched 
for heavy-duty service where high starting loads or 
sustained slippage generate high operating heat that 
lowers operating efficiency and shortens clutch life. The 
cooler operation and other advantages found in the 
Fawick Type VC provide “new clutch” performance 
throughout a long, maintenance-free life. 


INDUSTRIAL CLUTCHES AND BRAKES 


oLA 
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Always Floating 


LODDING K-4 Blade Holder gives additional blade flexibility 


free riding, it hugs the roll from end to end... a marked advance 
in the floating blade principle ....K series holders and blades 
interchangeable .... no sacrifice of ruggedness .... no blade changing 


problems. Lodding Engineering Corporation, Worcester, Massachusetts. 
Represented by W. E. Greene Corporation, Woolworth Building, New York 
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value in a fine product 


reflects the experience and 


skills of its makers. 


value in Fourdrinier wires is a matter of 


record ...paper quality and production records in 
mills throughout America reflect the fact that 


Appleton Wires are Good Wires! 


APPLETON WIRE WORKS, INC., APPLETON, WISCONSIN 
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Mathieson Chlorine: worth its salt 


Row upon row of mercury cells characterize the uni- 
form high purity of Mathieson chlorine. These cells 
decompose a salt solution by electrolysis to form a 
sodium amalgam and wet chlorine gas. Subsequent 
processes dry the gas, liquefy and cool it, resulting in 
chlorine approximately 99.9% pure. Above is one of 
five producing units from which Mathieson supplies 
quality chlorine to industries from Canada to the Gulf. 


Consistent product quality is typical of all Mathieson 
chemicals. In addition, Mathieson offers consumers 
the protection of multi-plant production facilities . . . 
3 major alkali plants, 7 sulphuric acid plants, 6 caustic 


soda plants, 3 ammonia plants . . . as well as practical 
technical assistance with chemical handling and appli- 
cation problems. 


In planning your chemical requirements call in your 
Mathieson representative. Perhaps you can buy to 
better advantage from one of America’s largest pro- 
ducers of basic industrial chemicals. 


OLIN MATHIESON CHEMICAL CORPORATION 
~ INDUSTRIAL CHEMICALS DIVISION 


BALTIMORE 3, MARYLAND 
MATHIESON 


CAUSTIC SODA + SODA ASH + CHLORINE + SULPHURIC ACID + SULPHUR + AMMONIA + NITRATE OF SODA + BICARBONATE OF SODA + CARBON DIOXIDE +» SODIUM CHLORITE + CALCIUM HYPOCHLORITE 
ETHYLENE OXIDE + ETHYLENEGLYCOL » DIETHYLENE GLYCOL + TRIETHYLENEGLYCOL + POLYGLYCOLS + DICHLOROETHYLEPHER + ETHYLENE DICHLORIDE - METHANOL » SODIUM METHYLATE + ETHYLENE DIAMINE 
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Scrap your WA & [= re O A R D 


by control of moisture and adhesive penetration 


oo KELSIZE* 


Washboard formation in corrugated board is caused 
by excessive moisture being absorbed by the liner 
after it has been bonded to the flutes. This condition 
can be improved by reducing the excess moisture at 
the glue line through the use of a small percentage of 
KELSIZE which will insure uniform adhesive applica- 
tion, control of adhesive penetration, and uniform 
viscosity. 

Not only is washboarding eliminated or greatly re- 
duced through control of these factors but machine 


20 N. Wacker Drive, Chicago 6, Ill. * 


i. Nassau Street, New York 5, N. Y. ° 


speeds can be increased, 2 stronger and more uniform 
bond obtained and scrap reduced. 


lf washboarding is a problem, why not call the nearest 
Kelco office for the services of one of our experienced 
paper technical men? 

Precisely engineered for specific uses, Keico algin 
products are manufactured to absolutely uniform 
standards by the Kelco control procedure, which in- 
cludes 46 distinct tests. 


KELSIZE® ... « product of KELCO company 


530 W. Sixth Street, Los Angeles 14, Calif. 


Cable Address: Kelcoalgin — New York 
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MICROMETER 
ROLL CALIPERS 


Light weight permits easy handling 


by one man, and they are readily 
adjusted to a wide range of roll 
diameters. Micrometer dial is grad- 
vated in thousandths. 


STACKS 


from pouring pit 
to paper mill 


CHILLED IRON AND 
ALLOY CHILLED IRON ROLLS 


LOBDELL UNITED manufactures a wide variety of rolls for the Paper 
and Allied Industries .. . 

Comprehensive technological experience, advanced engineering skill, 
modern production facilities and recognized leadership in the design 
and construction of rolls are your guarantee of complete satisfaction. 
Lobdell Plain Chilled Iron Rolls have a uniformly hard surface highly 
resistant to abrasion and deformation under load. They give longer 
service for machine calendering. Alloy Chilled Iron Rolls for water 
finish or high pressure stacks are harder and more resistant to corrosion 
and abrasion than ordinary rolls. 

When planning replacements or installation of new equipment, you'll 
find it advantageous to specify LOBDELL UNITED. 

Detailed information gladly sent upon request. 


@ CHILLED IRON ROLLS @ ROLL GRINDING @ KNIFE GRINDERS 
@ MACHINE CALENDER MACHINES @ ABRASIVE CUT-OFF 


@ ROLL CALIPERS SAWS 


LOBDELL UNITED COMPANY 


WILMINGTON 99, DELAWARE. 


A SUBSIDIARY OF UNITED ENGINEERING AND FOUNDRY COMPANY 


1 RIGIDLY SUPERVISED | 


56 A 


Vol. 37, No. 1l November 1954 - TAPPI 


e sat ta : 
Your “burning que: 
wereeeee 


is quickly answered— wi 


8&0 Bituminous 


Whether your specific question concerns power, coking, 
steam, or space heating, you’ll find the perfect answer among 
the wide variety of Bituminous coals in Baltimore & Ohio 
territory. Here lies an almost inexhaustible source of low-cost 
heat and energy. 


\ 


The benefits of B&O Bituminous are many. Highly 
mechanized mines keep production costs low, size and quality 
uniform. Closeness to America’s industrial heart means eco- 
nomical transportation. The ease of storing coal eliminates 
the need for expensive facilities. And new methods and 
devices take further advantage of the burning characteristics 
of Bituminous. 


ASK OUR MAN! He will help you find the exact coal for 
your purpose, and explain the best way to burn it. You'll be 
amazed at the efficiency, economy, and cleanliness of B&O 


Bituminous today. 
ae LAKE ONTARIO 


HURON 


P ROCHESTER 
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BALTIMORE & OHIO RAILROAD 


Bituminous Coals for Every Purpose 
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CHEMICAL| CORPORATION - NEW YORK 
\ eee) 420 LEXINGTON AVENUE 
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One Pump 


handles stock consistencies 


fromQO to 8% 


With this one basic pump you simplify mainte- 
nance and spare parts problems... make process 
changes easier . . . standardize equipment. With 
Allis-Chalmers paper stock pumps, optional 
equipment enables you to handle efficiently every- 
thing from liquor to stock as heavy as 8% bone dry consistency. 

This basic pump (right) handles liquor and stock up to approximately @) to 3% 
3%. With the optional equipment shown below, this pump has success- 
fully handled stock as heavy as 8%. This wide choice makes it possible 
for your Allis-Chalmers pump representative to recommend exactly the 
right combination to give you greatest production at lowest cost. 


Optional Equipment That Fits Your Requirements 


— _ 


_ Suction Ui tre "1 _ Hi-Density 

Nozzle Piece © ~ | | Assembly with ] unit in stock ch 

with special offset 16-inch suction stock into pump, break up lumps, im- 
increaser is de- _adapter (on all sizes _ prove flowability of heavy stocks, 

_ signed to prevent up to 10-inch dis- — 
stock dewatering, charge) eases flow 
_ cut suction pipe at suction, Vane ro- 
_ friction. Features re- tates with impeller, 
movable handhole breaks up lumps, 
_ cover for cleaning. aids stock move- 
ment into impeller 
eye. j 


Hi-Density is an Allis-Chalmers trademark. Remember, Allis-Chalmers can supply the complete pumping unit ~ 
pump, motor, control and drive — assembled and ready to run. Next time 
you have a stock pumping problem, call your Allis-Chalmers representa- 
tive, or write Allis-Chalmers, Milwaukee 1, Wisconsin. Ask for Bulletins 
52B7112 and 08B6725. A-4320 


ALLIS-CHALMERS 
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Taylor control keeps its 
nose to the grindstone 


ND that’s why it’s so successful in detecting tem- 
A perature variations in the groundwood. Location 
of the thermal element is all important to the successful 
operation of Automatic Temperature Control for 
wood pulp grinders, and Taylor has developed sys- 
tems that are adaptable to all types— Pocket, Hydraulic 
Magazine, Continuous Magazine, Semi-Magazine, or 
Rotary Continuous. 

In the Taylor system the temperature sensitive bulb is 
located where it receives a constant shower of stock 
thrown from the stone by centrifugal force. It extends Pocket Type Grinder, showing location of bulb under bridge tree. 
across the entire width of the stone, and the vapor- 
filled thermal system responds to the hottest spot 
across its face. Temperature is controlled by a Taylor 
FULSCOPE* Recording Temperature Controller which 
throttles a valve in the shower water supply line. This 
simple, practical system conserves stone life by pre- : ; : 
venting excessive temperature rises; increases produc- | J“ NN Le 
tion by maintaining the maximum temperature con- io TO) 
sistent with the pulp quality desired; decreases power : 43 a\\ 
4 


consumption by over 6% per ton; relieves the operator 


ain 
SUPPLY 


for other duties. 

This is just one phase of paper manufacture where 
Taylor controls are doing the job better, faster and 
more economically. Your Taylor Field Engineer will 
be glad to advise you on your problem—or write 
Taylor Instrument Companies, Rochester, N. Y., and 


OPTIONAL BULB LOCATION 


Rotary Continuous Type Grinder. Bulb installed underneath and | 


Toronto, Canada. Instruments for indicating, recording 
at end of deflecting plate. 


and controlling temperature, pressure, flow, liquid level, 
speed, density, load and humidity. 


“Ree. U.S. Pat. Of. 


. 200 . 200 | 
ge fe EEE aas : | it | 
we 180 uy 180 helena 

160 S 160-4 | 
es [ | | | {|} 
E t aml 
< 140 < 140 HEE | 
d 120), W120 t pe Sane 
Gi 100 2 100 PO 
80 Tr: 5 a rr 
ko wn oe Ae A Oren same 80 r 2 3 4 50 6 
TIME - HOURS TIME - HOURS 
A typical plotted record of hand controlled grinding tempera- Taylor control holds grinding temperature within an average | 
tures. Note rapid fluctuations, causing stock to vary in color, of +1°F. Stone temperature can be brought up as gradually as 
freeness and tensile strength. desired after a shutdown by simply resetting control point. | 
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Advantages — 


EASIER TO BURR 
HOLDS PATTERN LONGER 
MORE UNIFORM GRINDING ACTION 


IN mill after mill the new G Bond Norton Pulpstone is demonstrating these 
advantages. Many mills have entered repeat orders because they find that this stone 
gives them the highest quality, cleanest pulp for longest periods. It is another Norton 
improvement to help you meet today’s competitive conditions. Ask your Norton pulp- 
stone engineer about the new G Bond stone in ALUNDUM and 38 ALUNDUM* abrasives. 


NORTON COMPANY, WORCESTER 6, MASS. : z 


Norton Company of Canada, Ltd. 
NORTON 


* Shown in illustration above Hamilton, Ontario 
PULPSTONES 


idlaking better products...to make other products better 


Abrasives - Grinding Wheels - Grinding and Lapping Machines - Refractories - Porous Mediums - Non-slip Floors - Norbide Products 
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put more §.Jii8in your paper work’ 


ee WLS the complete line of paper mill starches 


fy 


site Use| GD 


The superior quality of OK BRAND starches gives 
you improved tub, beater, and calender sizing. Better 
for coating and adhesives, too. When you make better 
paper at no extra cost — you’ve put more profit in 
your “paper work”. Try OK BRAND and see! Dis- 


cuss your special starch requirements with Hubinger’s 
expert technicians. 


e 
the stamp of quality Try these top-quality 
starches for paper makers: 
® OK BRAND Pearl 
® OK BRAND E-Type Pearl 
® OK BRAND Pearl 700 
® OK BRAND Pre-Jel 


® OK BRAND Thin Boiling 
Starch 


® OK BRAND Oxidized 
Starches 


ESTABLISHED IN 1/881 


THE HUBINGER COMPANY 
KEOKUK, IOWA 


New York @ Chicago @ Los Angeles ® Boston © Charlotte 
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higher brightness 


H,O, or Na,O, 
Na,O°* SiO, 


| No OH or H:S0. 


BLEACH SOLUTION MIXER 


DILUTION 
WATER 


RE-CYCLE 


CHEST UNBLEACHED PULP 
4% CONSISTENCY 


a 
= 
= 
Da 


TO MACHINE CHEST 


DENODULIZER 
& NEUTRALIZ§ 


For four years J-C’s single stage groundwood bleaching’system has provided high 
brightness at reduced costs for various mills. 


Now a new and better process .. . the dual-stage system .| . has been perfected 
by J-C engineers to give outstanding savings in chemical consumption and greate 
increases in brightness. 
Look over this list of reasons and see for yourself how this new process produces ¢ 


better product at a far lower cost. 


fully continuous, precision controlled system 
low initial investment 

much lower operating costs per ton 
minimum floor space 

sharply reduced yield loss 

maximum brightness 

minimum color reversion 

unchanged pulp physicals 

one operator per shift 

freedom from knots and “fish eyes” 


Your nearest J-C representative will tell you how it)is done! 


The Tayler Corp. Homad Services Ltd. John D. Homan M. ©. Grove & : Jas. Brinkley & Co. ank C. Bacon 

46 Trinity Place 1445 Crescent St. 714 S. Orleans Ave. 310 Sacramento} St. 417 Ninth Ave. So. 3276 W. 32nd Ave. 
New York 6, N. Y. Montreal 25, P.Q. Tampa 6, Fla. San Francisco 1), Calif. Seattle 4, Wash. Vancouver 8, B.C. 
Phone BO 9-6496 Phone Belair. 5419 Phone Tampa 8-3952 Phone Yukon 6-611 Phone Maine 0062 Phone KE-7098 


JACKSON & CHURC 


ICHIGAN 
Work well done since eighty-one 
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ORISKANY FELT’S 


.».geared to meet every challenge 
in paper-making progress! 


The paper industry has moved ahead with giant strides in 
the last few years with new mills, new equipment, new 
techniques. And here at Oriskany, we are meeting every new 
technical advance in paper-making with the most modern 
felt-making equipment available, and a full-equipped textile 
laboratory for research and development projects. 


Our five new large looms — including a 600” loom — and 
a 300” dryer provide ample capacity for weaving and fin- 
ishing felts for the largest high-speed machines projected 
by machine builders. Completely new spinning equipment 
assures consistently uniform felt yarns. Fulling Mills of our 
own design have been added for felting and shrinking large 
felts. And in our modern laboratory, close controls are 
maintained in every manufacturing step from raw wool 
processing to finished felt. Here, too, new materials are 
tested, new felts are developed, to meet the needs of an 
ever-growing industry! 


Our experienced sales engineers will welcome the oppor- 
tunity to show you how Oriskany Felts are ready to go to 
work for you... to help you produce quality paper products 
better... faster... at less cost! 


Fi choice because, They last B “seem 


WATERBURY FELTS 


H. WATERBURY and SONS COMPANY °* ORISKANY, NEW YORK. 
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Here’s how you can profit 


with Du Pont Peroxides and Bleaching Processes 


---in bleaching sulfate pulp 


Peroxide bleaching with the Du Pont proc- 
cess Can give you a better-selling combina- 
tion of brightness and strength for kraft. 
You can bleach sulfate pulps to high bright- 
ness with good strength characteristics... or 


normal brightness with premium strength. 


Your yield stays high, since there is little 
or no loss due to bleaching. And the bleached 
pulp is highly uniform . . . variations that 


occur in multi-stage bleaching are smoothed 
out by the process, 


SEND FOR THIS BOOKLET, “Per- 
oxide Bleaching of Sulfate Pulp.’ It de- 
scribes the Du Pont process in detail... in- 
cludes information on recommended bleach- 
ing formulas, chemical control tests. han- 
dling and storage of peroxides. Mail coupon 
for your copy. 


---in bleaching groundwood 


You can bleach low-cost groundwood for 
use in higher-quality papers with the Du Pont 
Peroxide Bleaching Process. This economi- 
cal process preserves all the desirable fea- 
tures of groundwood while increasing pulp 
brightness. Printing properties are improved 
and finished paper has a smoother, more 
velvety hand. 


You'll save with exceptionally high fiber 


yields .. . low waste disposal . . . improved 
opacity in same weight sheet ... more rapid 
drainage during paper manufacture. 
SEND FOR THIS BOOKLET on per- 
oxide bleaching of groundwood. Formula- 
tions, procedures and equipment for the 
Du Pont process are described, plus control 
tests for bleaching solutions. Mail coupon 
for your copy. 


»-.in waste paper recovery 


You can produce high-grade pulp from low- 
grade waste paper with the Du Pont Per- 
oxide Process. Your pulping time is cut... 
your yields improved. Recovered pulp is 
bright, strong, stable, and highly uniform— 
regardless of groundwood content, 

Lower pulping temperaturemeansreduced 
steam costs .. . consumption of hypochlo- 
rite can be cut as much as 25%. And the 


stock you produce has better color stability. 


SEND FOR THIS BULLETIN — on peroxides 
in the recovery of waste paper. It’s offered 
by Du Pont, pioneer producer of peroxides, 
and gives full information on bleaching pulp 
and recovered stock. Specific suggestions 
are given pertaining to the recovery of mag- 
azine and newspaper stock. Mail coupon 
for your copy. 


Du Pont peroxides are available for prompt delivery from conveniently lo- 
cated manufacturing plants. Du Pont’s modern plants and facilities assure 
you a dependable supply of top-quality peroxide for your bleaching needs. 


DU PONT 


PEROXIDES 


FOR WOOD PULP BLEACHING 


“Albone” 
“Solozone” 


REG Us. paT. OFF 


BETTER THINGS FOR BETTER LIVING . .. THROUGH CHEMISTRY 


TAPPI 


Hydrogen Peroxide 


Sodium Peroxide 


Name 
Firm 
Address 
City 
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|} Sulfate Pulp [|] Groundwood 


MAIL COUPON 
TODAY 


E. I. du Pont de Nemours & Co. (Inc.) T-11 
Electrochemicals Dept., Wilmington 98, Del. 


Please send me literature on Du Pont 
Peroxide Bleaching Processes: (Check applications) 


|_| Waste Paper Recovery 


Position 


HAM FELTZ says: 


Examine sheet after sheet of Hammermill’s fine papers for busi- 
ness and advertising use. Look closely through the entire line 
of weights and colors—it’s dollars to doughnuts you will not 
find a felt mark. 


How come? Well, Hammermill uses felts with such perfect weave, 
such soft, deep nap, that there isn’t a chance that there can be 
any felt marks. And, because there are no felt marks on Hammer- 
mill papers, there is no way to tell what makes of felts they use. 


I’ve got a hunch that uses lots 0’ 


MIAMI WOOLEN MILLS 


Cstablished 1858 


SHULER & BENNINGHOFEN, HAMILTON, 


66 A 


Vol. 37, No. 1l November 1954 


TAPS 


3 big reasons 


] FARREL EXPERIENCE AND FACILITIES 


Farrel calender rolls are the product of a cen- 
tury of roll-making experience, highly spe- 
cialized plant facilities, skilled metallurgical 
and mechanical engineering, and exacting 
methods of quality control. These rolls are 
made in the world’s largest specialty roll 
shop, in any size from 5” to 72” in diameter 
and up to 312” face length. 


the majority of paper mills specify 


2 ROLLS ACCURATELY CROWNED & GROUND 


Rolls are ground in the Farrel two-wheel, 
swing-rest roll grinder. This machine ob- 
tains a greater degree of accuracy in grinding 
paper mill rolls than any other mechanism 
yet devised. Rolls are given an extremely fine 
finish, and an automatic crowning device un- 
erringly produces the correct shape and 
amount of crown. Accuracy is checked with 
the exclusive Farrel roll caliper capable of 
measuring variations down to .0001”. 


longer-lasting FARREL ROLLS 


3 CORRECT DEPTH OF CHILL 


In Farrel rolls the combination of correct 
metal formula and proper depth of chill as- 
sure maximum service life. The chilled sec- 
tion is sufficiently hard and deep to resist 
crushing and abrasion; the structure of the 
body provides the strength to carry the load 
imposed on the roll in the service for which 
it was designed. Surface hardness prolongs 
accuracy of the roll face, and, as a result, 
lengthens the time between regrindings. Cor- 
rect depth of chill means that the roll may 
be reground many times before its usefulness 
is ended. 


- Send for a copy of bulletin 116 
which gives complete details of 


these longer-lasting rolls. FARREL-BIRMINGHAM COMPANY, INC. 
ANSONIA, CONNECTICUT 
Plants: Ansonia and Derby, Conn., Buffalo, N. Y. 


v4 s ® 
- Venting Sales Offices: Ansonia, Buffalo, New York, Akron, Chicago, 


Los Angeles, Houston FB-936 
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for economical refining 


DRYDEN PAPER COMPANY 
chooses a 
SPROUT-WALDRON 
36-2 REFINER 


and an S-W 


FEEDING SYSTEM 


The Sprout-Waldron 450 HP Refiner at Dryden 
Paper Company, Ltd., Dryden, Ontario refining 
kraft knots and rejects. A considerable reduction 
in horsepower requirements is reported over pre- 
vious pulping, with much superior refined pulp 
quality. S-W offers refiners and efficient, complete 
feeding, conveying and dewatering equipment in 
one “package” .. . with one contract ... one 
responsibility. 


Single disc design, 
peripheral control ring 
and rugged construction 
for... 


high pulp quality | , 
ak, a + The 
flexibility of operation : SPROUT-WALDRON 


' refiner is the 
high capacity leading producer of 


high yield kraft 


For more information on semi-chemical pulp 
pulping, or any other pulping application, 
send for our file of technical and practical data. 

Write to Sprout-Waldron & Co., Inc., 38 Logan Street, Muncy, Pa. 


low maintenance 


tor your pulping problerm— 


SPROUT-WALDRON 
PULP REFINERS 
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' Fastusols’ 
for minimum 
*. two-sidedness . 


e 


° € 
° 
®e 4 @* 
Pees es eene * 


A complete range of non-dusting, fast to light 

dyestuffs, the FASTUSOLS generally produce shades 

of the highest degree of non-two-sidedness — 

and therefore are of particular interest for coloring 
_all high-grade papers, sulphite bond, ledger 

and cover papers. All these brands may be added 

dry to the beaters without showing color specks. 


In addition to these valuable properties, most 

of the dyes in this class are readily bleachable 
with chlorine for simplified reuse of broke, 

while some which are not bleachable are of interest 
for record papers such as ledger, where 

fastness to ink-eradicator is desirable. 


GDC dyes backed by prompt deliveries = 
and skilled technical service will provide the answers 
to all your paper coloring problems. 


Write or call our nearest sales office. 
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WANT A BRIGHTER SHEET 


Size with the lighter glue— Armour “A B” Chrome Hide Glue! 


In top grade paper such as rag bond, ledger, map, chart and blue print, brightness 
of sheet is of extreme importance! Why take a chance on losing the effect of the 


many brightening agents you have added to your process by sizing with a glue 
that darkens the sheet? 


When you buy Armour “A B’’ Chrome Hide Glue you get the lightest glue on 
the market. “A B” is made from only selected chrome leather stock and produced 
with all the skill and experience of our 69 years of glue making. The inherent 
brightness of ““A B”’ is reflected in brightness of sheet. 


Armour “A B” Chrome Hide Glue produces a strong, colorless, protective film 
that improves firmness, strength, rattle, resistance to tear, erasing and folding, and 
prevention of feathering. This improved product contains no free grease to cause 
“birds’ eyes’. Due to the fineness and uniformity of particle size, it is readily soluble 
and dispersible. It is slightly alkaline, with a PH range of from 7.2 to 7.8. 

In other applications, there are exceptional Armour adhesives, such as our special 
hide glue for use as a colloidal flocculent for the retention of fiber and filler. We 
have other glues for “on machine” creping directly from the Yankee Dryer that 
contribute the tacking properties necessary for softness in paper tissues. Write 
today for complete information and prices on Armour glues for paper making. 
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Effect of Medium in the Acetylation of Cellulose 


R. C. BLUME and F. H. SWEZEY 


The acetylation of high molecular weight cellulose without 
degradation has been carried out in pyridine-acetic an- 
hydride systems. Hess and Ljubitsch [Ber. 61B: 1460 
(1938)] found, however, that even with most elaborate 


‘swelling pretreatment of the cellulose several weeks were 


required for complete reaction. Cellulose also acetylates 
without degradation in the acetic anhydride-potassium 
acetate system. This reaction, too, is relatively slow. 
Twenty-four or more hours are required for production of 
cellulose triacetate. It has now been found that purified 
high molecular weight cellulose can be acetylated rapidly 
and without degradation by the acetic anhydride-po- 
tassium acetate system using dialkylamides or gamma- 
lactones as the reaction medium. The new media give a 
20- to 30-fold increase in reaction rate even when the cellu- 
The effec- 
tiveness of the media in promoting the reaction correlates 
with the known dielectric constants, 
postulation of reaction mechanism. 


loses used are given no special pretreatment. 


which permits 
These media have 
also been applied effectively in the acid-catalyzed acety- 
lation of cellulose with acetic anhydride. 


THE reluctance of cellulose to undergo acetyla- 
tion has long been considered one of its more remark- 
able properties. The pyridine-acetic anhydride system, 
which is capable of acetylating starch to the triacetate in 
about | hr. by the method of Pacsu and Mullen, requires 
several weeks for the complete acetylation of cellulose 
according to Hess and Ljubitsch [Ber. 61B: 1460- 
1462 (1928)]. The potassium acetate—acetic anhydride 
system is somewhat more successful, yet requires more 
than 24 hr. for the complete acetylation of cotton 
linters. The degradative acid-catalyzed acetylations of 
cellulose are known to reach completion in several 
hours, but even this reaction proceeds at a satisfactory 
rate only after the cellulose has been suitably pretreated 
with swelling reagents such as water or sulphuric acid, 


usually in the presence of acetic acid. 


Elod and Schmid-Bielenberg [Z. Phys. Chem. B25: 
27 (1934)] showed many years ago the relatively large 
effect of water pretreatment on the rate of reaction of 
cellulose with acetic anhydride in the presence of sul- 
phuric acid. Their theoretical explanation of the pre- 
treatment action, still generally accepted, is that water 
and acetic acid greatly reduced the hydrogen bonding 
between cellulose chains and permit more rapid diffu- 
sion of acetic anhydride into the inner structure of the 
cellulose. The results of these early workers indicated 
nearly an eightfold increase in reaction rate as the 


’ water content of the cellulose was increased from 6.5 to 


24.4%. Many other workers have demonstrated that 
pretreatment with caustic solution, water, or acetic acid 


markedly increases the rate of uncatalyzed reactions as 


well as those catalyzed with pyridine or with potassium 
acetate. These pretreatments are a considerable dis- 
advantage in that they add to the complexity of the 


R. C. Buume and F. H. Swezey. Benger Laboratory, E. I. du Pont de 


Nemours & Co., Inc., Waynesboro, Va. 
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acetylation and must be varied in detail for each of the 
many celluloses used as raw material for acetylation. 

It has now been discovered at the Benger Laboratory 
of E. I. du Pont de Nemours & Co. that the rate of 
acetylation of cellulose with acetic anhydride is re- 
markably accelerated by the presence of a variety of 
organic solvents of relatively high dielectric constant. 
This increase in reaction rate is observed even in the 
absence of any special pretreatment. 


The initial work in this field was concerned with the 
uncatalyzed acetylation reaction of cellulose with 
acetic anhydride. It was known from the work of 
Bernoulli, Schenk, and Hagenbuch [Helv. Chim. Acta 
13: 534-571 (1934)] that this reaction was extremely 
slow. These workers found that only 38.2% combined 
acetic acid was introduced after 261 hr. of reaction at 
refluxing temperature and considerable degradation of 
the cellulose also took place. The use of dimethyl- 
formamide as medium for this reaction was suggested 
by the work of Kress and Bialkowsky [Paper Trade J. 
93: 35 (1931)]. They found that formanide had a 
very large swelling power for cellulose and we accord- 
ingly selected dimethylformamide as the simplest 
derivative of this substance which does not react with 
acetic anhydride at high temperatures. Since the 
work of Stamm and Tarkow [J. Phys. Colloid Chem. 
54: 745 (1950) ] suggests that compounds of high dielec- 
tric constant rather generally act as swelling agents for 
cellulose, the second solvent selected for study was 
gamma-butyrolactone. 


Table I. Effect of Media on the Uncatalyzed Acetylation 
of Cellulose (5 G.) 


Medium Combined acetic acid, % 
180 ml. AcoO 3.4 
170 ml. y-butyrolactone + 30 ml. Ac.O . 18.6 
170 ml. dimethylformamide + 30 ml. Ac.O 15.8 


As is shown by Table I, these substances do indeed 
have a remarkable effect on the rate of acetylation in 
the absence of either acidic or basic catalyst. These 
reactions were all carried out for a period of 5 hr. at 
refluxing temperature with 5 grams of commercial 
acetylating cellulose, Buckeye linters. It is of interest 
that neither of these reagents caused apparent swelling 
of the cellulose. 

The results do not disagree with the popular notion 
that polar substances influence the reaction rate of 
cellulose by breaking hydrogen bonds between cellulose 
chains, thus permitting freer access of the acetic an- 
hydride. At the same time, it should be pointed out 
that these results, as well as those reported below, may 
be explained on the basis of the Ingold Sx? mechanism 
suggested by V. Gold [Trans. Faraday Soc. 1948,506 ] 
for the reaction of acetic anhydride and water. Such 
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reactions are quite generally accelerated by an increase 
in dielectric constant of the environment. 

Basic catalysts and particularly potassium acetate 
have been viewed with some interest in the acetylation 
of cellulose with acetic anhydride because of the fact 
that such reactions are nondegradative to cellulose 
[Haller and Ruperti, U. S. pat. 1,930,895 (Oct. 17, 
1933)]. It has been found, however, that in the 
absence of specific pretreatments cellulose reacts only 
slowly with potassium acetate and acetic anhydride. 


Table II. Effect of Dimethylformamide on Acetylation 
Catalyzed by Potassium Acetate 


Acetic anhy- Dimethyl- Reaction Combined 
dride, ml. formamide, ml. time acetic acid, % 
300 0 ih Vives 30.2 
150 150 15 min. O2nO 
150 150 iL lave, 57.0 

58.3 


150 150 3 lair, 


As indicated in Table II dimethylformamide is highly 
effective in increasing the reaction rate. 


All of these reactions were carried out at the reflux 
temperature, approximately 140°C., with 10 grams of 
cellulose and 5 grams of potassium acetate. It will be 
noted here that, despite a very high initial rate, the 
reaction after 15 min. goes only very slowly toward 
completion. The rate in the final stages of reaction 
appears to be dependent upon the nature of the cellu- 
lose as is shown by the fact that wood pulp of acetylat- 
ing grade is acetylated to 59.5% combined acetic acid 
content in less than 45 min. by this same reaction 
system and viscose rayon is completely acetylated under 
these conditions. 


Table III. Effect of Dialkylamides and Gamma-Lactones 
on KOAc Catalyzed Acetylation 


Activator Combined acetic acid, % 
Dimethylformamide 56.6 
Dimethylacetamide 49.1 
Diethylformamide 52.4 
Diethylacetamide 46.3 
Methylpheny! acetamide 50.1 
Dibutyl butyramide 47.2 
N-formy] morpholine 9255 
N-acetyl morpholine 55.6 
N-propionyl morpholine 49.7 
N-butyryl morpholine 48.6 
y-butyrolactone 53.8 
y-valerolactone 50.7 


A variety of other N,N-dialkylamides, as well as 
gamma lactones, have been found approximately as 
effective as dimethylformamide in promoting the 
potassium acetate catalyzed acetylation. The mate- 
rials used and results obtained are shown in Table ITI. 
In each case, a 5-gram sample of cotton linters was 
allowed to react for 1 hr. at reflux temperature, approxi- 
mately 140°C., with a mixture of 75 ml. of acetic 
anhydride, 2.5 grams potassium acetate, and 75 ml. of 
the organic solvent. That these materials have rather 
specific action is shown by the fact that high-boiling 
ethers such as dimethoxytetraglycol and glycol diethyl 
ether actually have a marked inhibiting effect on the 
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reaction, while high-boiling esters, such as triacetin anc 
diethylene glycol diacetate, as well as high-boiling 
ketones, such as cyclohexanone and acetophenone 
have either a small inhibitory effect or no effect at all 
Fatty acids, such as acetic acid and propionic acid, very 
nearly completely inhibit the reaction, probably 
through decrease of the basic strength. 

In order to test the effect of varying the quantity 
of potassium acetate, three series of acetylations wer: 
carried out at 140°C. for 1 hr. on 5-gram samples of 
cotton linters. These experiments are summarized ir 
Table IV. 


Table IV. Effect of Potassium Acetate Concentration 


Combined acetic 
acid, %, series 3 


Combined acetic 


Combined acetic A ‘ 
} acid, %, series 2 


acid %, 


series 1 (75 ml. Ac2O: (20 ml. Ac20: 
KOAc, g. (160 ml. Ac2O) 75 ml. DMF) 130 ml. DMF) 
0.0 2.0 9.0 7.0 
0.1 2.6 18.9 6m 
0.5 9.6 Seal 32.4 
0) 20.7 46.9 ASD 
2.0 PATE Th O21 as 
229 36.0 52.4 46.1 
3.0 46.3 46.3 * 
10.0 49.9 43.0 49.7 
20.0 51-7 38.2 58.0 


These data indicate that the system with half it: 
liquid volume consisting of N,N-dimethylformamide is : 
more effective acetylating medium than that consistin; 
of pure acetic anhydride, except in those cases wher 
the quantity of potassium acetate used exceeds th 
weight of the cellulose being acetylated. It may furthe: 
be observed that the dimethylformamide system passe 
through a range of maximum reactivity and the strong 
est activating effect is noted when the quantity o 
potassium acetate is about half the weight of the cellu 
lose being acetylated. 

A large variety of metallic acetates, as well as othe 
salts, have been employed in this reaction. Calcium 
barium, magnesium, aluminum, and lithium acetate 
are entirely ineffective, while sodium acetate is far les 
effective than potassium acetate. 

As pointed out above, the degradative acid-catalyze 
acetylations of cellulose which are used commercial): 
usually proceed at a satisfactory rate only after th 
cellulose has been lengthily pretreated with swellin 


Table V. Effect of Sulphuric Acid Concentration © 
Acetylation Rate and Acetate Viscosity 


Sulphuric Reaction time, Relative 
acid, % sec. viscosity® 
5 120 1.182 
ZED 220 12223 
1 672 1.097 
0.25 2000 


Insoluble 


” Relative viscosity of a 0.092% solution in 92% acetic acid. 


reagents such as water or sulphuric acid, usually in th 
presence of acetic acid. It has been found that thi 
pretreatment may be entirely avoided, yet extremel 
rapid reactions were obtained by the use of a dialkyl 
mide, such as dimethylformamide, instead of acetic aci 
as the reaction medium. At 140°C., for example, cotte 
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linters which had first been refluxed with dimethyl- 
formamide reacted rapidly with acetic anhydride in the 
presence of dimethylformamide and 1 to 5% sulphuric 
acid (based on cellulose weight) to give soluble primary 
cellulose acetates. This is illustrated in Table V. 

In typical reactions, 5 grams of cotton linters in 100 
grams of dimethylformamide were heated to 140°C. 
Upon reaching this temperature, 25 grams of hot acetic 
anhydride were added and this was followed by the 
addition of the indicated amount of sulphuric acid dis- 
solved in 10 ml. of dimethylformamide. The cellulose 
rapidly went into solution and was immediately 
isolated by pouring the reaction mixture into water. 

As is indicated here, the time of reaction and viscosity 
of the resulting product vary markedly with the 


quantity of sulphuric acid used as catalyst. The rate 


of reaction noted here may be compared to the several 


hours usually reported as being required for the acetyla- 
tion of cellulose in the presence of sulphuric acid. 

The order of addition of reagents is of great impor- 
tance in carrying out this acid-catalyzed reaction. In 
an experiment in which the cotton linters were added 
last to a hot mixture of dimethylformamide and 
acetic anhydride containing 5% sulphuric acid based on 
cellulose weight, a soluble cellulose acetate was not 
obtained even in 30 min. at refluxing temperature. It 
appears likely that under these experimental conditions 
the sulphuric acid is converted to sulphoacetic acid, a 
much less satisfactory catalyst, before the cellulose is 
actually introduced. Satisfactory results have been 
obtained only when the sulphuric acid is introduced into 
the reaction mixture last. 

RecuiveD Dec. 7, 1953. Presented at the 39th Annual Meeting of the 


Technical Association of the Pulp and Paper Industry, New York, N. Y 
Feb. 15-18, 1954. 


The Effect of Alkaline Pulping on the Lignin of 


Eucalyptus regnans 


J. W. T. MEREWETHER 


Lignin has been isolated from Eucalyptus regnans, an 


Australian hardwood, both by alkaline pulping and by 


ethanolysis, and the crude lignin purified to yield appar- 
ently homogeneous products. In addition, the alkali 


lignin has been converted to an ethanolysis product and in 


The 


each case a series of derivatives has been prepared. 


analyses of these three series of lignin derivatives suggest 


Burgess (1). 


that alkaline pulping of Eucalyptus regnans results in the 
elimination of two alcoholic hydroxyl groups and a car- 
bony] group. 


THE year 1954 is an auspicious one to take stock 
of the extent of the understanding of the principles in- 
volved in alkaline pulping for it is exactly 100 years 
since this process was first patented by Watt and 
During the century that has elapsed 
much investigational work has been carried out, but 


/ the position was summarized by Brauns in 1939 in these 


words (2): ‘‘The soda pulping process is the oldest 
chemical process for the production of pulp from wood 
but, in spite of this, very little is known about the 
actual chemical reactions taking place between the caus- 
tic soda and the various components of the wood.” 
Today, 15 years later, those words still stand—very 
little is known. And, of these reactions, the one of 
particular interest to pulp mill chemists is the reaction 
taking place between sodium hydroxide and the pro- 
tolignin of the middle lamella for it is the dissolution of 
the latter which brings about pulping. It is known 
that this protolignin is inert chemically, that it is in- 
soluble in all solvents and is not dissolved by cold 
dilute aqueous alkali, whereas the alkali lignin of black 
liquor is soluble in alkali and certain organic solvents. 
Hence, it can be deduced that under the conditions of 


5] 


J.W. T. Mereweruer, Australian Paper Manufacturers, Ltd., Melbourne, 
Australia. 
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alkaline pulping protolignin undergoes some chemical 
change as a result of which it is converted to alkali 
lignin, but the nature of this change is still unknown. 

Ideally, the first step toward solving this problem 
would consist of a chemical examination of the lignin 
before and after alkaline pulping. But this, of course, 
is impossible as protolignin cannot be isolated un- 
changed, and, indeed, many hold the view that protolig- 
nin does not exist free in wood, but is chemically linked 
with another wood component. Hence, a comparison 
of protolignin with alkali lignin can only be obtained by 
indirect means. 

Now, just as lignin may be isolated by converting it 
to alkali lignin, so it may also be isolated in a number of 
other ways. In particular, it may be isolated in excel- 
lent yield by converting it to ethanol lignin, i.e., by 
subjecting wood to the action of ethanol in the presence 
of a catalyst. As protolignin cannot be isolated un- 
changed, an indirect approach to the problem would be 
to obtain both alkal lignin and ethanol lignin from 
matched samples of the same wood, and also to apply 
the ethanolysis reaction to the isolated alkali lignin. 
A knowledge of what chemical properties were common 
to the three lignins should make it possible to draw 
some inferences as to the composition of protolignin, 
while the differences should indicate some of the changes 
brought about by alkaline pulping. It is recognized 
that this is by no means ideal, but so long as the limi- 
tations are recognized it should be possible to obtain 
data of some value. 


ALKALI LIGNIN (3) 


The raw material used was Hucalyptus regnans, an 
Australian hardwood. It contained about 20% lignin 
and on soda pulping yielded about 50% of a practically 
lignin-free pulp. Hence, about 50% of the wood, 
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including 20% lignin had gone into solution in the black 
liquor. Fortunately, as is the case with spruce, the 
dissolved carbohydrates are mostly water soluble while 
the alkali lignin is merely alkali soluble, and acidifi- 
cation yielded a precipitate consisting mainly of alkali 
lignin. Treatment of this precipitate with dioxan 
yielded about 15% of a dioxan-insoluble residue, the 
analysis of which (C, 43.4; H, 6.4; OCHs, 4.7; xylan, 


hydroxide; is slightly soluble in ethanol and acetone; 
and is insoluble in ether, light petroleum, benzene, 
chloroform, ethyl acetate, water, and aqueous sodium 
bicarbonate. It is precipitated from its alkaline solu- 
tion at pH 4.1, and potentiometric titration gives a 
curve with two points of inflection. From the main 
point of inflection at pH 7.6 the equivalent weight was 
calculated to be 670. 


Table I. Eucalyptus regnans Alkali Lignin-A 
‘ PT Coneituent growpeee H, N OCHs, COCHs, — (C)CHs, 
No. Compound Empirical formula OCH; OH Acyl % % % % 0 To 
| Alkali lignin-A TRC ,On=ite27 9 a Oo Meee ee 0 20.9 11 
tsar Ta were BO OES aN if 
@ 6273 6.2 qe oe 
3) ol AcsO Cg O3. = 1622 9 0 i f 61.0 0 ie Be: 
aie nae ae Cire ie 17.2. 18.5 
AZ AcO C79H 92031 = 1538 14 0 4 f 61.8 (Oy 74 QAO il 2 
sear. ee te oe ET 24.2)9 ted 
5.1 + BzCl in C;H;N Cyr7Hy06O34 = 2056 8) 0 i f 68.4 5) .% 133.83 
‘ ce 68.4 5.2 13.6 
6 1 + BzCl in NaOH Cro Hi02033 = 1952 9 1 6 f 67.6 5.4 14.4 
© A037 59583 ie 14.3 
7 1+ Ph-NH-NH, CgoHeg02,Ns = 1506 9 f 64.0 Oma Sa 18.6 
@ 63.9 5.9 Sm 18.6 
8 1+ p-NO.:CeHs-NH-NH2 CrsHsxO28N3 = 1462 9 f 60.8 IG Sel 19.2 
@ G7 Ned 2.9 19.1 
9 1 + m-NO»:CeH,:CHO C75Hs1OooN = 1460 9 f 62.0 Ono 1.0 19 1 
¢! 61.8 5.6 1.0 19.1 
i 64.1 5.9 Z 19.4 
10 1+ Ph-CHO C7sHs202, = 1415 9 (G3). 7 5.8 iI) 7/ 


72.2; ash, 4.7%) indicates that it originated from the 
xylan of the wood, eucalyptus woods being rich in 
this fraction. The yield of crude product amounted 
to about 21% of the wood, while the yield of carbohy- 
drate-free lignin was about 18% of the wood. From 
the filtered dioxan solution, using the technique of 


In Table I are given the analyses of this particular 
alkali lignin-A and of nine of its derivatives. It is seen 
that it reacts with p-nitrophenylhydrazine to give a 
hydrazone with 3.1% nitrogen, and with m-nitrobenz- 
aldehyde to give a product with 1.0% nitrogen. A 
rough approximation for the minimum molecular weight 


Table Il. Eucalyptus regnans Ethanol Lignin-A 
————- Constituent groups =X C, tel N, OR, OCH; COCH:, 
No. Compound Empirical formula OC2Hs OCH; OH Acyl % % % % % 0 
1 Ethanol lignin-A Cy2Hs2O23 = 1395 2, 9 7 0 f 6253) 5.9 24.6 20.0 a 
. ce OPA Il He 24.5 20.0 Pee 
2 No. 1 + CHoNe CysH 602g = 1423 2 11 5 0 f 6225, 622 PAs2) Fie) oe 
a c O2eOmn On 28.3 24.0 an 
3. No. 1 + Ac.,O CgcHosO3, = 1690 2 9 0 7 f Gl me ORG PAY) 333 16.5 18.0 
¢ c WB De 7 2072 16.5 17.8 
4 No.2 + Ac,O CgsH 6033 = 1633 9% 11 0 5 f C220 ors 24.6 PAO) LSmes 
Thos 7 Cc Glade DaY) PHN 2 20.9 13.2 
a No. 1 + BzCl in C;H:N (Ori shnOh => 2124 2 9 (0) 7 f 68.4 on 3 16.2 aa F 
} i hears ( 6874 522 ils, 11 1135. 11 
6 No. 1+ BzCl in NaOH Cis7Hi02033 = 1916 30 9 2 5 f (Gad) 6}.4! Nero) Wa 
c OF 15s 17.8 14.6 
7 No. BY + BzCl in © HeN Ci09H 106033 = 1944 2 ital 0 5 f 05 : 8 SD : 5 20 . 6 17 “ 8 
Rr € OP Do 20).7 17.6 
8 No. 2 + BzCl in NaOH Cs3H 94030 = 1632 2 11 3 % f 6458 Ons 25 1 20.9 
; ; c O4a72 O28) Rear 20.9 
9 No. 1+ Ph-NH-NH, CgaH o40oeNs = 1576 ye 9 f 64.4 6.0 3.5 21.6 Wes 2 
b c NIL sO) BG Ml... 7 IPF 
a : te ORGS 2.0) yl AOL 16. 
11 No. 1 + m-NO.-C.H,-CHO CysHg,02N = 1529 2, 9 f O2F on OF9 22 s i. : 
dae c C272 On O aOR Umea 18.3 


Marshall, Brauns, and Hibbert (4), the main reaction 
product, alkali lignin-A, may be obtained by pouring 
into a large excess of ether and purified by repeated 
reprecipitation of its dioxan solution into ether. 
Eucalyptus regnans alkali lignin-A is a fine powder, 
light brown in color, has no sharp melting point but 
commences to soften at 183°C. It is soluble in pyri- 
dine, dioxan, glacial acetic acid, and aqueous sodium 
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of these condensation products may be calculated from 
their nitrogen contents and these values (1360 and 
1400, respectively) are in reasonable agreement with 
the value obtained by doubling the equivalent weight 
(1340). On the assumption that the molecular weight 
is of this order, the empirical formula of CgsH7sOz7 
(1327) with nine methoxyl groups was tentatively 
selected as that which agrees best with the data, and in 
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Table I the theoretical values calculated on this basis 


are shown for comparison with the values obtained. 


It is seen that, on the basis of nine methoxyl groups, 
the molecule contains seven hydroxy] groups. Of 
these, three are sufficiently acidic to react with diazo- 
methane, the four that do not react with this reagent 
still remaining free to react when the methylated alkali 
lignin-A is acetylated. Of the four alcoholic hydroxyl 


_ groups, one is presumably tertiary or in some other way 


: 


: 


; 


i 


sterically hindered, as a Schotten-Baumann benzoxyla- 
tion yields only a hexabenzoate compared with the 
heptabenzoate and hepta-acetate resulting from acyla- 
tion in pyridine. The reaction with p-nitrophenyl- 
hydrazine indicates the presence in the molecule of a 
carbonyl group, while the reaction with phenylhydra- 
zine itself yields a product whose analysis is best inter- 


Table III. Partial De-ethylation of Eucalyptus regnans 


Ethanol Lignin-A 


C%, eo OR 6 OCH; % 
Alkaline hydrolysis 60.6 5.8 22.8 20.5 
Acid hydrolysis 60.9 5.6 2273 20.7 
Cale. for CyHs0O29 (1385) 60.7 5.8 224 20.2 


preted as anosazone. Finally, the presence of an active 
methylene group is indicated by the formation of con- 
densation products with benzaldehyde and m-nitro- 
benzaldehyde. 


ETHANOL LIGNIN (5) 


When Eucalyptus regnans wood meal was refluxed for 
48 hr. with 2% ethanolic hydrogen chloride, a yield of 


ethoxyl groups is 4.3 to 1. Now, if the equivalent 
weight is 1410, the minimum molecular weight must 
be of this order, which would correspond to a molecule 
containing two ethoxyl and nine methoxy] groups, the 
empirical formula C7.Hs.0.3 agreeing best with the data. 

In Table IT are set out the analyses of EF. regnans 
ethanol lignin-A and ten of its derivatives. It is seen 
that, on the basis of nine methoxyl groups, there are 
present in the molecule seven hydroxy! groups as in 
alkali hgnin-A. But, of these seven hydroxyl groups, 
only two react with diazomethane, compared with three 
in alkali lignin-A. Furthermore, whereas alkali lignin- 
A yielded a heptabenzoate with benzoyl chloride in 
pyridine and a hexabenzoate by a Schotten-Baumann 
reaction, ethanol lignin-A yields a heptabenzoate in 
pyridine but only a pentabenzoate in aqueous alkali. 
Another point of interest was found regarding the 
alcoholic hydroxyl groups of ethanol lignin-A. When 
ethanol lignin-A was methylated with diazomethane it 
yielded a dimethyl derivative which should still con- 
tain five free hydroxyl groups. That this is the case is 
shown by the formation of a penta-acetate. And as 
Schotten-Baumann benzoylation of ethanol lignin-A 
yields a product with two hydroxyl groups still free, 
it would be expected that Schotten-Baumann benzoyl- 
ation of the dimethy] derivative would yield a triben- 
zoate. This, however, is not the case, the product being 
a dibenzoate. One of the alcoholic hydroxyl groups is 
apparently hindered by methylation from subsequent 
reaction with benzoyl chloride in aqueous alkali. 

It was found that alkali lignin-A contained a carbonyl 
group, p-nitrophenylhydrazine yielding a mono-p- 
nitrophenylhydrazone. In contrast to this ethanol 


Table IV. Complete De-ethylation of Eucalyptus regnans Ethanol Lignin-A 
— Constituent groups——\ CG; H, N, ——0CH:;—~ COCH3 
No. Compound Empirical formula OCH; OH Acyl % % % Joa Td % 
1 De-ethylated ethanol lignin-A  CesH7402 = 1339 9 9 0 f Olle Smee ee 20.7 20.8 ee 
c 61.0 5.6 tees 20.9 Okc 
¢ OL Ors ae 27.0 sie, 
' 3 1+ AcO CxHsO3, = 1634 9 2 7 f 60.4 5.5 Seite 17.5 Wig 19.0 
Cc 60.3 5.4 oe Wha 18.5 
4 1 + BzCl C31 Hy10037 = 2276 9 0 9 f 69.2 4.8 nae 125 ee 
c 69.1 4.9 ate 12.3 
o | + Ph-NH-NH, CysH0O27Ne = 1429 i) f 62.8 5.6 2.2 Ioe 
Cc 62.2 56 2.0 19.6 
6 1 + p-NO2:-CsH,:-NH-NH2 CysH79029N3 = 1474 9 f 60.1 5.4 2.9 18.8 
( 60.3 5.4 2.9 19.0 


* Total alkoxyl by the method of Viebock and Brecher. 
6 Methoxyl by the method of Willstatter and Utzinger. 


| 18% crude ethanol-soluble ethanol lignin was obtained. 
| This contained a trace of xylan, which was eliminated 
_by purification from acetone-water. On applying the 
, fractionation procedure described above, viz., repeated 
precipitation of a 10% dioxan solution into ether, the 
main product, ether-insoluble ethanol lignin-A was 
| obtained in a yield of 50% of the crude product. EL. 
: regnans ethanol lignin-A is a light brown powder soften- 
ing at 198°C.; is soluble in ethanol, acetone, chloro- 
‘form, acetic acid, ethyl acetate, dioxan, pyridine, and 
aqueous alkalies; and is insoluble in ether, light petro- 
leum, benzene, water, and aqueous sodium bicarbonate. 
- Potentiometric titration indicates an equivalent weight 
of 1410. 

The alkoxyl content of /. regnans ethanol lignin-A 
is 24.6% calculated as methoxyl, of which 20.0% is 
methoxyl. Hence, the ratio of methoxyl groups to 
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lignin-A yields a bis-p-nitrophenylhydrazone and thus 
contains two carbonyl groups in the molecule. 


HYDROLYSIS OF ETHANOL LIGNIN-A (6) 


The nature of the reaction involved in the alcoholysis 
of protohgnin is not yet fully understood and there are 
contradictions in the literature. With the exception 
of Friedrich, all workers who have investigated the 
hydrolysis of alcohol lignins have reported that they 
are stable to alkali but decomposed by acid, and on 
these grounds many believe that alcohol lignins are 
acetals. On the other hand, Friedrich (7) reported 
that, of the two additional methoxyl groups formed by 
methanolysis, one was hydrolyzed by alkali and hence 
was presumably an ester. In view of these contradic- 
tions the stability of ’. regnans ethanol lignin-A to both 
acid and alkaline hydrolysis was investigated, and it was 
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found that the two ethoxy! groups present differed in 
their ease of hydrolysis. With cold 10% sodium hy- 
droxide one ethoxy group is split off to yield a partially 
de-ethylated product. With boiling 10% hydrochloric 
acid the same thing occurs, the two partially de-ethyl- 
ated products having the same analysis (Table ITI). 
The analysis suggests that a second molecule of water 
has been taken up according to the equations: 


CrHsO2 + H2O = CrH7sOrs + C2H;0H 
Cy) H7sO2s SF H,O = CoH 30029 


These facts support Friedrich’s findings, and are cer- 
tainly evidence against the acetal theory for it 1s ex- 
Table 


VY. Alkaline Hydrolysis of Eucalyptus regnans 


Ethanol Alkali Lignin-A 


Compound C,% H,% OR, %- OCH: % (C)CH:, % 
1 Alkali lignin-A Of Week Ale il, il 
2\ Ethanol alkali lig- 
‘\ nin-A GS.8F DQ ABO Pals 23 
3. Alkali hydrolyzed 
ethanol alkali 
lignin-A OH Gi AALS ae 1.6 


tremely unlikely that the two alkoxyl groups of an 
acetal would differ in their ease of hydrolysis. 

With the object of hydrolyzing both ethoxy] groups, 
both ethanol lignin-A and the partially de-ethylated 
product were distilled with hydrochloric acid, i.e., the 
concentration was gradually increased. This yielded 
a completely de-ethylated product whose analysis 
agreed with the empirical formula CesH74O2s corre- 
sponding to the equation: 


Cr2H2023 + 2H2O = CosH7sOos + 2C2H;0H 


for the hydrolysis. In Table IV are shown the analyses 
of this de-ethylated product and five derivatives, and 


lignin-A. Similarly, while diazomethane methylation 
of ethanol lignin-A yielded a dimethyl derivative, a 
trimethyl derivative is formed from the de-ethylated 
product, indicating that one of the new hydroxy] groups 
is acidic. This is supported by the fact that one of the 
ethoxy] groups of ethanol lignin-A is unstable to alkaline 
hydrolysis. 


ETHANOL ALKALI LIGNIN (8) 


It was unfortunately not possible to carry out the 
ethanolysis of alkali lignin on the sample described 
above. A preliminary ethanolysis of it yielded prod- 
ucts whose analyses were difficult to interpret, and 
a check analysis of the alkali lignin-A showed that it 
had undergone some chemical change during the 3 
years that had elapsed since its isolation (found in 
1948: C, 61.5; H, 6.0; OCHs, 20.9%; found in 195T: 
C, 59.5; H, 5.7; OCHs, 19.8%). The sample used 
was obtained from the same wood, which was pulped 
under the same conditions, but the black liquor was 
acidified with carbon dioxide instead of sulphuric acid. 
This yielded a lignin acid salt which, after acidification 
and fractionation from dioxan-ether yielded an alkali 
lignin-A with the slightly higher methoxyl content of 
21.7%, compared with the 20.9% previously obtained. 

When this alkali lignin-A was refluxed with 0.5% 
ethanolic hydrogen chloride, the main reaction product 
was the dioxan-ether insoluble ethanol alkali lignin-A. 
This contained 24.0% alkoxyl, expressed as methoxyl, 
of which 21.6% was present as methoxyl, corresponding 
to a methoxyl: ethoxy] ratio of nine to one, and an em- 
pirical formula of CysH76QOo;. 

Now the analysis of the alkali lignin-A used corre- 
sponded to an empirical formula of CesH74O26 with nine 
methoxyl groups. Hence ethanolysis of alkali lignin-A 
appears to have involved the ethylation of one hydroxy! 


Table VI. Eucalyptus regnans Ethanol Alkali Lignin-A 
No. Compound Empirical formula OEFt . “OMe. "OH. Acyl & e oy ae epee eae - 
1 Ethanol alkali lignin-A CesH76O2, = 1293 1 9 6 0 ff 63.3 5.9 24.0 21.6 Res 25 
' ; ‘ CHOSE ORO 24.0 21°76 ae 23 
2 1+ CH.N2 CosH7s025 = 1307 1 10 5 0 f Om GeO 26.6 2378 re 2.4 
. Oe Ea 26.1 23.7 |... 
3 1+ AcwO CgoHsg031 = 1546 1 9 0 6 f apm Wt Sas Wheto Neh. a 16.0 ee 
: : @ | 62,255. foe wnt) «20.1 do eealone 
4 1+ BzCl in C;H;N CyroHi003, = 1918 1 9 0) 6 f Wear Wes) 5.4 UG) leh @ S. : 
ee G. 68.905513. » . eee 716 12 ald 16 ee 
5 1+ BzCl in NaOH CiosH Os. = 1814 1 9 il 5 f OSROmnOrEL ee Gr Salome Ae: 
c OSeZarono mee Nifty zt ee 
6 2+ AcwO Cy,HssOvs = 1434 1 10 2 3 f 6324620 eae Moy Palle 3} 9.1 
i Wheleser Gi 62.8... 6.0 a ecteee 28780) UG memo 
ae } elh641G. 5 OME 01s ao 
8 1+ Ph-NH-NH, CrHgO2Ns. = 1383 | 9 f OSRS ONO Mle ome 2a aan Ome 
; p 64.3 5 ; 
Salat p-NO2:CsHy:NH-- : SHhee SEO N aE Sites 
G2 52 O(a 20 meee ler LOG 


it is seen that this drastic acid treatment has brought 
about changes other than the simple hydrolysis of two 
ethoxyl groups. For example, whereas ethanol lignin- 
A had two carbonyl groups, the de-ethylated product 
has only one. 

Although acetylation only yielded a hepta-acetate, 
benzoylation yielded a nonabenzoate, indicating the 
presence of two hydroxyl groups more than in ethanol 
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group accompanied by the elimination of a second 
molecule of water: 


CeoeH7s025 + CoH;OH = CosH7g025 + HO 
CosH7s028 = CosH7¢025 + H2O 
It was shown above that when ethanol lignin-A is 


subjected to a mild alkaline hydrolysis one of the 
ethoxy] groups is hydrolyzed and a molecule of water is 
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_- hydroxy] groups. 


taken up. When these conditions are applied to 
ethanol alkali lignin-A the same reaction takes place. 
The ethoxyl group is hydrolyzed and a molecule of 
water taken up to yield a product with the same analy- 
sis as the original alkali lignin-A (Table V). Hence the 
formation of ethanol alkali lignin-A appears to involve 
the ethylation of an acidic hydroxy] group. 

A series of derivatives was made and the analyses of 
these are given in Table VI. From a consideration of 
these data several interesting points emerge. First, 


as alkali lignin-A contained seven hydroxyl groups, and 


as ethanolysis involves the ethylation of one of these, 
we would expect ethanol alkali lignin-A to contain six 
This is shown to be correct, acetyla- 
tion and benzoylation yielding the expected hexa- 
acetate and hexabenzoate. Similarly, Schotten-Bau- 
mann benzoylation yields a hexabenzoate from alkali 
lignin-A and a pentabenzoate from ethanol alkali 
lignin-A. 

Of the seven hydroxyl groups of alkali lignin-A 
three are acidic. Diazomethane converts alkali lignin- 
A to a trimethy] derivative which in turn yields a tetra- 
acetate. Since one of these is ethylated during the 
formation of ethanol alkali lignin-A, we would expect 
the latter to yield a dimethyl] derivative with four free 
hydroxyl groups. However this does not happen; 
diazomethane methylates only one hydroxyl group and 
the product yields only a triacetate. It appears that 
ethanolysis has not only ethylated an acidic hydroxy] 
group, but in so doing has brought about some change in 
the reactivity of another acidic hydroxyl group and one 
of the alcoholic hydroxyl groups. Although they are 
still present, as evidenced by the formation of the hexa- 


_ acetate and hexabenzoate, one acidic hydroxyl is no 


longer capable of reacting with diazomethane, and 
methylation of the remaining acidic hydroxyl prevents 


_ one of the alcoholic hydroxyl groups from being acetyl- 
ated. 


In view of the fact that, of the three alcoholic 


_ hydroxyls that react with acetic anhydride, only one 


is capable of being benzoylated, steric hinderance may 


be a factor. > 

One other point to be noted concerns the reaction 
with phenylhydrazines. From the reaction with p- 
nitrophenylhydrazine it is apparent that there is only 
one carbonyl group present in both alkali lignin-A and 
ethanol alkali lignin-A. And, while ethanol alkali 
lignin-A reacts with phenylhydrazine to yield the cor- 
responding phenylhydrazone, alkali lignin-A yields an 
osazone. It is possible that the alcoholic hydroxyl 
group whose reactivity is affected when alkali lignin-A 
is ethanolyzed and subsequently treated with diazo- 
methane, is a secondary alcoholic group adjacent to the 
carbonyl] group, and in ethanol alkali lignin-A is no 
longer capable of entering into osazone formation. 


PROTOLIGNIN 
In the light of the evidence that ethanol alkah hgnin- 


_A contains only one ethoxyl group, and that readily 


mL APPI 


| saponified by alkali, it is obvious that ethanol alkali 


lignin-A is not an acetal and that the ethoxy] is present 


| either as an ester or as the ether of an acidic hydroxyl 
| group. This suggests that the ethoxyl groups of 


ethanol lignin-A are likewise not in the form of an ace- 
tal, but rather as ester or ether, a suggestion which is 
further supported by the fact that the two ethoxyl 
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groups differ in their ease of hydrolysis, one being 
readily saponified by dilute acid or alkali while the 
other is stable to these reagents. From this it may be 
deduced that, as ethanol lignin-A contains seven hy- 
droxyl and two ethoxyl groups, protolignin contains 
nine hydroxyl groups, two of which need not neces- 
sarily be free but may be combined with some other 
wood component. 


From the fact that one of the ethoxyl groups of 
ethanol lignin-A is hydrolyzed by alkali, it may be in- 
ferred that one of these additional hydroxyl groups is 
acidic. Hence, as ethanol lignin-A contains two acidic 
and five alcoholic hydroxy] groups, we may deduce that 
protoignin contains three acidic and six alcoholic 
hydroxyl groups. This is supported by the fact that, 
of the nine hydroxyl groups in de-ethylated ethanol 
lignin-A, three were acidic. It may also be inferred 
that, on the assumption that carbonyl groups are not 
involved in ethanolysis, the two carbonyl groups of 
ethanol lignin-A are present in protolignin. 


Alkali lignin-A has been found to contain three 
acidic, four alcoholic hydroxyl groups, and one car- 
bonyl group. Therefore, if the above assumptions are 
valid, alkaline pulping has resulted in the elimination 
of two alcoholic hydroxyl groups and one carbonyl 
group. Changes brought about by alkaline pulping 
other than these cannot be detected from the data. 
Tf it is assumed that ethanol lignin-A is merely an ethyl- 
ated protolignin, and that ethanol lignin-A is repre- 
sented by the empirical formula C59H3s010(OEt) 2(OMe)»- 
(OH);, then protolignin would be represented by the 
empirical formula Cs9H3s0i.0(OMe)o(OH) 9. For alkali 
lignin-A the data agree with the empirical formula 
C59H401(OMe).(OH);, and little can be deduced from 
this. 

Previous workers in this field—e.g., Brauns and 
Grimes (2)—using spruce as the raw material have 
noted that alkali lignin contains more acidic hydroxyl 
groups than does methanol lignin and have suggested 
that additional acidic hydroxyl groups are formed 
during alkaline pulping. Using EF. regnans it has 
likewise been found that the ratio of acidic hydroxyl to 
methoxyl groups is higher for alkali lignin than for 
ethanol lignin, but the evidence suggests that this is 
due, not to the formation of new acidic hydroxyl groups 
during alkaline pulping, but rather to the etherification 
of existing acidic hydroxyl groups during ethanolysis. 
It has yet to be shown whether these groups are free in 
protolignin, or whether they are chemically combined 
in, perhaps, glycosidic union with carbohydrate. 
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Fundamentals of the Paper Machine 


A Symposium Sponsored Jointly by the Fundamental Research Committees of 
TAPPI and CPPA (Technical Section) 


The Institute of Paper Chemistry, Appleton, Wis. 
September 21-24, 1954 


pauls dove, capt ee ge es bes te te re 


Tue following papers and discussions provided 
the program for the Symposium on the Fundamentals 
of the Paper Machine held under the sponsorship of 
thes TAPPI and CPPA (Technical Section) Fun- 
damental Research Committees at The Institute of 
Paper Chemistry, Sept. 21-24, 1954. 

A number of conferences have been held in recent 
years leading up to this meeting on the paper machine. 
These all had an international flavor, with speakers 
and audience from around the world. In 1947 the 
TAPPI Fundamental Research Committee sponsored 
a symposium in Appleton on the nature of the chemical 
components of wood. This was followed by a sym- 
posium at the Forest Products Laboratory in Madison 
directed toward the physical properties of those wood 
components. In May, 1950, the committees of the 
CPPA and TAPPI sponsored their first joint symposium 
in Quebec on the effect of fiber characteristics on paper 
and papermaking properties. In 1951, following the 
75th Anniversary Meeting of the American Chemical 
Society and the XIIth International Congress of Pure 
and Applied Chemistry, both held in New York, the 
Fundamental Research Committee of TAPPI, in joint 
sponsorship with one of the National Research Council 
committees, put on an International Pulp and Paper 
Symposium with papers by scientists from Sweden, 
Japan, Norway, Great Britain, Germany, Australia, 
Canada, and the United States. The papers making 
up this symposium were basic in nature and of interest 
both to the pulp- and papermaker. In 1953 the series 
of international meetings switched from North Amer- 
ica to Sweden with a symposium on the chemistry 
of wood and wood constituents held as a part of the 
XIIIth Congress of Pure and Applied Chemistry at 
Stockholm. Speakers and audience gathered in Stock- 
holm from literally all over the world. 

The two Fundamental Research Committees are 
happy to present this second meeting in their series 
and express the hope that it will provide another 
chapter in the joint effort to give to those concerned 
with the applications of the pulp and paper industry 
a better understanding of the underlying phenomena 
of the industry. 

A word of explanation on the mechanics of the 
symposium may serve to give the reader a clearer 
picture of the objective of the meeting. Better than 
3 years ago the respective Fundamental Research 


Introduction to the Symposium prepared by Harry F. Lewis, Chairman, 
TAPPI Fundamental Research Committee, and Dean, The Institute of 
Paper Chemistry, Appleton, Wis. 
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Committees began to ask themselves what were the 
distinguishable phenomena of greatest importance in 
the fundamental behavior of a paper machine? A 
large number suggested themselves; these were nar- 
rowed down to 15 or 20 general areas. Next the com- 
mittees asked themselves and others who were the 
authorities in these fields, and from the names suggested 
a tentative list of speakers was built up. Invitations 
were sent out to these people about a year ago, and with 
only one exception they were accepted. 

It was decided early in the planning that the day’s 
papers would be limited to four each and the decision 
was kept fairly well, having four on each of two days 
and five on the other two. The papers were to be 45 
min. in length and discussion was to be reserved until 
3:00 p.m. each day when a panel made up of the day’s 
speakers and discussion leaders for each paper, to- 
gether with the chairman of the day as moderator, 
would handle questions put in question boxes by mem- 
bers of the symposium, questions directly from the 
floor, or questions from the discussion leaders them- 
selves. The discussions were taken by a pair of steno- 
type operators working on short shifts. One day’s 
discussion was thus available for correction the follow- 
ing morning. In this way, it was possible to provide 
corrected discussion copy for inclusion in Tappi and 
in the Pulp and Paper Magazine of Canada at the 
time of the printing of the papers. An important 
factor which helped the discussion was the advance 
preprinting of 16 of the 18 papers and the mailing of 
these to the symposium members well in advance of 
the meeting. Copies of the other two papers were on 
hand at the opening of the meeting. Members oi 
the symposium were enthusiastic in their support of 
this procedure which resulted in many more questions 
being turned in than could possibly be answered in the 
daily 3 to 5:30 p.m. period. It is the hope of the twe 
committees that the publication of papers and dis: 
cussions will stimulate thinking and further research 
and will aid in a better understanding of the fun- 
damentals of the paper machine. 

In conclusion, the members of the two Funda: 
mental Research Committees thank again and pub 
licly, speakers, discussion leaders, session chairmen 
and all those participating in the question periods fo! 
their part in making this a worth-while meeting 
Thanks are extended to the various companies fo: 
sending top technical personnel to the symposium ant 
finally to The Institute of Paper Chemistry whicl 
provided facilities and services. 
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Flow in Fiber Suspensions and the Effects of Turbulence 


J. A. VAN DEN AKKER 


Because of the strong bearing of theory and observational 
phenomena of aero- and hydrodynamics on the flow of low- 
consistency fiber suspensions, the nature of the flow of 
fluids around bodies and through ducts is reviewed. Spe- 
cial attention is given to the way in which turbulence is 
generated in boundary layers and to the velocity distri- 
bution across a duct. The dependence of the “critical” 
Reynolds number on the nature of the system in which flow 
occurs is described. Reference is made to modern meth- 
ods for characterizing and measuring turbulent motion. 
The probable effects of the presence of fiber on turbulence 
and of the effects of turbulence on fiber motion are dis- 
eussed. Theory and numerical calculations are given to 
demonstrate that, in consideration of the motion of indi- 
vidual fibers viscous forces strongly predominate over 
inertial forces. 


THE advantages of developing our knowledge 
on the flow of low-consistency fiber suspensions is so 
self-evident that we do not need to elaborate on them 
here. It is also obvious that we should cast out 
certain long-held but erroneous beliefs which have been 
retained only because they seemed reasonable and have 
been repeated by so many people over so many years. 
An excellent example is the dogma that, in a straight 
course of flowing pulp suspension, the fibers align, or 
tend to align, in the stream direction; nothing could 
be further from the truth in view of the observational 
fact that the distribution of the fibers, although not 
perfectly homogeneous, is isotropic in a streaming 
fiber suspension—even at such extraordinarily low 
consistencies as 0.0002% (about one fiber for every 
5-mm. cube), where mechanical interaction between 
fibers is virtually nonexistent. It seems to be peculiarly 
. true of the field of hydrodynamics that intuition can 
| frequently lead to erroneous ideas; what is needed is 
insight based on observation and theory. 


FLUIDITY OF LOW-CONSISTENCY 
FIBER SUSPENSIONS 

The fiber-water system with which we are concerned 
in the present discussion has a consistency of the order 
of 0.5%. The population density is about 20 fiber 
centers per cubic millimeter. This means that the 
mechanical interactions between the fibers are not 
inappreciable, although Wollwage has shown that the 
_ force of adhesion between pulp fibers suspended in water 
is very small. Although frictional traction stress 
between a smooth metal surface and moving stock of 
. several per cent consistency is a few pounds per square 
_ foot, it would appear from interpolation of data for 
water and Baldwin’s data for stock of various con- 
sistencies that the frictional stress for 0.5% consistency 
fiber suspension is of the same order of magnitude as 
that for water. For a velocity of 4.1 ft. per sec., the 
| former is about 0.1 lb. per sq. ft., while the latter is 
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approximately 0.06 lb. per sq. ft. We may add the 
well-known fact that the simple Torricelli formula 
gives, with fair accuracy, the velocity of efflux of the 
fiber suspension from the slice, and conclude that the 
fluidity of the suspension in the headbox is very much 
closer to that of plain water than it is to that of stock 
in beaters and paper stock pipe lines. We are not 
about to conclude that we may regard the phenomena 
of flow of low-consistency fiber suspensions as being the 
same as those of the flow of water, because we feel sure 
that the presence of the fiber will modify such factors as 
the scale and intensity of turbulence. It is obvious, 
however, that the great field of theoretical and experi- 
mental work in aero- and hydrodynamics should 
provide a good basis for our thinking—of course, it 
already has been the basis for a number of investiga- 
tions in the paper industry, probably most of which 
have never been published. 


FLOW OF AN IDEAL FLUID 


Let us begin our discussion by imagining an un- 
bounded ideal fluid—that is, an incompressible fluid 
having no viscosity—moving from left to right with 
speed v. Certain stationary bodies may be mounted 
in this fluid, so that the latter flows around and among 
the bodies in a manner somewhat like that depicted in 
Fig. 1. In regions where the streamlines are crowded, 
the local speed is high (such as at B and D). There 
the local pressure is low. At certain other points (such 
as at A and C) the velocity is zero and the pressure is 
higher than that in the free fluid at points remote from 
bodies by the amount, pv?/2, where p is the mass density 
of the fluid. Generally, the flow is known as “potential 
flow”; the velocity is everywhere derivable from a 
potential function. The flow at all points is governed 
by the Euler equation (the singular is here used to 
denote vectorial representation) and the equation of 
continuity. At all points the vorticity is zero; curl 
v or rot v is zero; and the circulation T = £v-ds is 
zero in the free fluid. This hypothetical fluid slips 
around all surfaces with no friction. There is no 
turbulence, and vortex motion cannot be created if the 
initial stream is free of vorticity. The motion is said 
to be irrotational. 


FLOW OF A REAL FLUID 


Except in unusual situations where the pure number 
Lpv/u (the Reynolds number, involving a length ZL 
designating the size of a body or duct, the mass density 
p of the fluid, the speed v of the fluid or of the body, and 
the viscosity u of the fluid) is adequately small, the flow 
of real fluids like air and water around bodies at speeds 
of ordinary interest is turbulent. The motion of water 
around a “streamlined”’ body like that shown in the 
upper left of Fig. 1 will be almost like the classical 
potential flow for all points excepting those quite near 
the surface of the body, and it is for this reason that 
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skilled investigators in the fields of aero- and hydro- 
dynamics have been able to employ solutions of the 
Euler equation to good advantage. However, tur- 
bulence is formed, and the manner of its forming, about 
which we shall speak later, is important to our present 
discussion. The flow around the upstream side of a 
bafflelike body will usually be pretty much like that 
shown in the lower right portion of Fig. 1, whereas 
the downstream volume of the fluid is filled with 
vortices; the wake is very turbulent. This seems to 
be a good place to recall a well-known and very useful 
generalization: convergence of streamlines has a 
stabilizing influence and eddies in the stream tend to be 
damped in a region of converging flow; the opposite 
condition exists in a region where the shape of a body or 
of a duct dictates a divergence of flow—it is difficult 
to decelerate a fluid without appreciably augmenting 
turbulent action, and increasing divergence results in an 
increasing degree of turbulence. 


BOUNDARY LAYERS AND TURBULENCE 


When water flows around a streamlined body like 
that in Fig. 1, the speed of flow falls off very rapidly 
near the wall (within perhaps a millimeter or less) and 
the velocity is zero at the wall. In the so-called 
laminar layer immediately in contact with the wall 
there is a substantial velocity gradient, or rate of shear 
and, in consequence, curl v or rot vis appreciable. In 
view of Stokes’ theorem, there will also be a circulation 
IT = g v-ds in this layer. Thus, we have a laminar 
layer in which there is vorticity, but no vortex motion 
or turbulence. But vorticity is a necessary (but not 
always sufficient) condition for the formation, some- 
where in the fluid, of eddies and turbulence. A number 
of distinguished investigators, beginning with Helm- 
holtz, have shown the connection between fluid friction 
and the creation of turbulence. At the surface there is 
an appreciable frictional stress equal to u(dv/dn), 
where v is the velocity, and n is distance from the sur- 
face measured in the direction of the normal (this stress 
may be large even when the viscosity is small, as in 
the case of water, because of the greatness of the rate of 
shear). Prandtl and his associates at Géttingen, in 
a briliant period of experimental and theoretical work, 
elucidated the origin of turbulence in this frictional 
stress in the boundary layer, principally on the back 
surfaces of bodies. Let us return to the flow of the 
hypothetical ideal fluid around the streamlined body in 
Fig. 1. The speed of a point in the fluid near A is 
is almost zero; as this point approaches B, the velocity 
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approaches a maximum value (for the given streamline) 
and, in accordance with the Bernoulli equation, the 
pressure drops to a minimum value. The increase in 
kinetic energy has come at the expense of flow work. 
When this point in the ideal fluid reaches the stagnation 
region at C, the pressure increases, at the expense of 
kinetic energy; the pressure gradient has brought the 
fluid nearly to rest near C. When a real fluid like water 
flows around the body, volume elements in the fluid 


just outside the layer of high rate of shear undergo 


changes in velocity and pressure in a manner closely 
similar to that just described for the ideal fluid. Thus, 
at points near C but just outside of the layer, the pres- 
sure has increased from that near B almost to the 
theoretical value. Jnside the layer, the frictional drag 
has accounted for some dissipation of the kinetic energy 
(it has aided the pressure gradient in decelerating the 
fluid) and, in consequence, the pressure gradient along 
the surface from B to C is less than that developed in 
the fluid just outside of the layer. However, pressure 
is transmitted transversely through the fluid with but 
little change, so that the transverse pressure differential 
which exists between points inside and outside the layer 
results in a backflow of the fluid along the surface of the 
body. This is illustrated in Fig. 2, in which the thick- 
ness of the layer of fluid is greatly exaggerated. This 
illustration includes the limiting streamline that divides 
the lines of normal movement from the backflow lines. 
Of course, this action could cause the onset of an eddy. 
If the backflow region grows in size, forcing the stream- 
lines of normal direction of flow outward, the eddy be- 
comes larger and larger, finally breaking away to form 
part of the turbulent wake. Then another eddy system 
builds up, breaks away, etc. The streak-trail photo- 
graphs taken by Prandtl, Tietjens, and others at 
Gottingen show beautifully the initial condition of 
almost potential flow followed by build-up of the back- 
flow and eddies. The second volume of Tietjens’ 
books based on Prandtl’s lecture notes, entitled ‘“Ap- 
plied Hydro- and Aeromechanics,” contains many 
streak-trail photographs that should be of considerable 
interest to any one concerned with headbox design. 

Turbulent wakes form in similar manner behind 
bodies of other shapes, such as oval and round rods. 
When the shape is such as to favor the formation of 
downstream turbulence (a cylinder, a strip with the 
plane normal to the stream, etc.) the larger part of the 
drag force is accounted for in the turbulence. The 
greater part of friction head loss in the turbulent flow of 
a fluid in a duct is related to the continuous processes 
of transfer of energy to the kinetic form in vortices and 
dissipation of the latter to heat through viscous action 
in the fluid. 


——— 
—— 


Fig. 2 


Vol. 37, No. 11 November 1954. TAPE 


Fig. 3 


Other considerations of importance to our discussion 
arise on studying the flow of gases and liquids in ducts. 
Let us consider the flow of a fluid from a quiescent sea 
at A in Fig. 3 into and through a circular pipe B of 
radius r. It is presumed that the pipe is perfectly 
straight, has a perfectly smooth wall, and is equipped 
with a rounded entrance shaped like a horn bell. If 
the Reynolds number rpv/u is less than about 1000, 
flow in the tube will be nonturbulent or laminar, and 
the distribution of speed across the tube far downstream 


_ from the entrance will follow the familiar quadratic 


equation. The distribution of speed across the pipe 
near the entrance is not parabolic; whether the flow 
downstream is laminar or turbulent, the speed in the 


_ pipe near the entrance is nearly uniform. The speed 
' falls off sharply near the wall, and is zero at the wall. 
| If the flow is laminar, the Navier-Stokes equation 
_ governing the flow of a viscous fluid degenerates to a 
) very simple form and we have the Poiseuille equation 
} giving the pressure gradient required to overcome 
i friction for all downstream points more remote from the 
i entrance than 0.26 (rpv/yu)r. 


' DEPENDENCE OF CRITICAL REYNOLDS NUMBER ON 


CONDITIONS OF FLOW 


Now it does not follow (as is too commonly supposed) 
that turbulent flow must necessarily exist in the tube of 
Fig. 3 if the Reynolds number is greater than 1000 to 
1100. A generalization from experiment is that, with 


7? increasing care in eliminating slight irregularities in the 


flow and temperature of the fluid from A (Fig. 3), and 


/ with increasing care in perfecting the design of the 
‘ entrance bell, removing imperfections from the tube 
wall, etc., the velocity of flow and the Reynolds number 
ean be increased to fantastically high values before 
| turbulence sets in. 
| tion, the mention of which has value only in dispelling 
| any “magic” about the number 1000 (or 2000 if the 
| Reynolds number is expressed in terms of the pipe 
| diameter). 

/ number corresponding to the onset of turbulence in or 
| near the entrance depends on the degree of turbulence 
| of the entering fluid, the shape and smoothness of the 
i rounded entrance (a sharp-edged entrance produces a 

' vena contracta and favors the production of turbulence), 
| and the smoothness of the inner tube surface. 


This is obviously a special situa- 


In any given situation the Reynolds 


If a 
nonturbulent fluid flows into a rounded entrance, any 
turbulence that develops in the duct has its origin mn 
the boundary layer at the wall of the tube and, in growing 
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during downstream flow, produces irregularities of flow 
across the whole tube. It is worth noting that the 
nature of the turbulence far downstream in the tube is 
primarily a function of the nature of the tube and the 
Reynolds number; if the entering flow is almost free of 
turbulence, the turbulence will develop to a certain 
level and there maintain itself downstream; if, however, 
the entering fluid is highly turbulent, the degree and 
scale of the turbulence will gradually settle down (dur- 
ing flow downstream) to values characteristic of the 
pipe and the Reynolds number. Of course, the violence 
of turbulence increases with the Reynolds number. 


Of special interest to us in this discussion is the in- 
fluence of bodies in the stream (vanes, baffles, rods) on 
the value of the Reynolds number corresponding to the 
onset of turbulent motion. Here it seems desirable to 
emphasize that the critical Reynolds number is drasti- 
cally influenced by the shape and orientation of a body. 
For example, the familiar Stokes’ equation for the 
viscous drag on a sphere fails to be accurate when the 
Reynolds number (involving the radius of the sphere) 
is greater than about 0.5, and a vortex ring is formed 
when the Reynolds number is about 8. It is observed 
that an eddy pair forms behind a circular cylinder when 
the Reynolds number is only 3 and periodic separation 
of the eddies, forming a so-called Karman trail, occurs 
when the Reynolds number is in the neighborhood of 
100. If this leaves one with no feeling concerning the 
speed of water, for example, at which eddy separation 
occurs, we may consider a 1-in. circular rod mounted 
transversely in water flowing in a channel. The speed 
of the water corresponding to a Reynolds number of 100 
is found to be only 0.026 ft. per sec. In the headbox of 
a high-speed fourdrinier paper machine the approach 
velocity (upstream from the slice a distance of a foot or 
so) is of the order of magnitude of 1 ft. per sec. Thus 
turbulence in headboxes produced by obstructions is 
to be expected—such turbulence is well known to en- 
gineers engaged in studies of headboxes. 


CHARACTERIZATION OF TURBULENCE 


The numerical characterization of turbulence has 
plagued specialists in the fields of aero- and hydro- 
dynamics for years. The onset and nature of tur- 
bulence cannot be calculated from the Navier-Stokes 
equation (a general solution of which has never been 
found), although it is believed that this equation 
governs turbulence and all other aspects of the flow of a 
viscous fluid. The minds of men working in the field 
have developed quite naturally, the concepts of random- 
ness of relative velocity fluctuations, linear size, or 
scale of the turbulence (of which the Prandtl mixing 
length is an example), and energy or intensity of tur- 
bulence. Starting with the work of Osborne Reynolds 
on the theory of turbulent flow, nearly 60 years ago, 
advanced mathematical methods have been evolved 
which have supplemented and guided the development. 
of experimental measures of turbulence. The develop~ 
ment of the theory has been crudely analogous to that: 
of statistical mechanics; just as one assumes that, in 
a gas, the distribution functions for position and 
velocity components are uniform throughout the 
system, the modern theory of turbulence has been 
developed for so-called homogeneous turbulence, in 
which the characteristics of the turbulence are uniform 
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for all points across the stream. The turbulence is 
both homogeneous and isotropic if the distribution 
functions for the three relative velocity components are 
the same (which amounts to saying that there is as 
much eddying with axis parallel to the stream as there 
is with axes parallel to the other two principal direc- 
tions). Theory and observation deal with the “joint 
probability distribution,’ which involves fluctuations 
of velocity components at separated points. The 
mathematical treatment is far too complex for con- 
densation at this time. Batchelor has recently pub- 
lished a review article and a book; the former is recom- 
mended for technical men of usual training in mathe- 
matics, while the latter is useful primarily to mathe- 
maticians and to physicists and engineers having 
training and experience in advanced mathematics. An 
idea, however, of what is involved experimentally can 
be gained from the following. 

Suppose that we place a pair of hot-wire anemometers 
inthe stream of turbulent air in a wind tunnel. 
(Modery, hot-wire anemometers and their associated 
electronic systems are designed to have very fast re- 
sponse.) If the hot wires are remote from each other, 
their indications of simultaneous velocity fluctuations 
will not correlate; obviously, if they are nearly in 
contact, they will sense the same fluctuations, and the 
latter should (in principle) correlate perfectly. One 
way of getting at the scale of the turbulence is to deal 
with a plot of the correlation coefficient versus separa- 
tion distance. The root mean square of the velocity 
fluctuation at either anemometer serves as a measure 
of the intensity of the turbulence. Other means for 
characterizing turbulence involve determination of the 
energy spectrum and measurement at two separate 
points of simultaneous velocity difference, velocity 
products, and first and higher order differentials of 
velocity. 


BOUNDARY LAYER AND VELOCITY DISTRIBUTION 
IN TURBULENT FLOW 


As a wall of a duct is approached, one finds that both 
the scale and intensity of the turbulence are reduced. 
If the stream is studied at points sufficiently far 
downstream from the quiescent sea of Fig. 3 for the 
turbulence to be nearly homogeneous and steady (at 
points remote from the wall), it will be found that the 
velocity component in the direction of the stream (and 
parallel to the wall) fluctuates appreciably in the lam- 
inar boundary layer, at points very close to the wall 
(within thousandths of an inch). These fluctuations 
are, of course, attributable to turbulent shear in the 
adjacent turbulent boundary layer. In the thin 
laminar layer the mean velocity increases linearly with 
distance from the wall, and then the dependence of the 
mean velocity on distance falls strongly as the point of 
consideration passes through the turbulent boundary 
layer (in which the velocity varies as the seventh root 
of the distance). Between the laminar layers on the 
two sides of a duct the stream is filled with turbulence. 
In this turbulent zone the velocity exhibits little change 
across the duct. At a distance from the wall equal to 
only 2% of the duct radius the mean velocity is about 
0.7 of the average for the whole tube, and at the center 
of the duct the ratio is about 1.25. Thus, the effect 
of turbulence on, for example, fiber motion is of con- 


492 


siderably greater importance than a statistically aver- 
aged rate of shear (0d/Or). 


TURBULENCE IN A HEADBOX 


If the flow in a headbox is from a pond or other 
volume of fiber suspension that is quiescent, the con- 
cept of homogeneous turbulence may not be applied. 
In his 1952 review article, Batchelor refers to the diffi- 
culty of ascertaining whether turbulence theory may 
be employed. The distance downstream that is re- 
quired for the turbulence to become characteristic of 
the duct and of the velocity of flow (for a duct that is 
free of obstructions) is greater than the downstream 
dimension of most headboxes. It would be unimagina- 
tive to install self-cleaning bars, grids, perforated rolls, 
etc. in an experimental headbox merely so that theory 
could be applied (although such installation may prove 
to be desirable for other reasons). For the making of 
certain types of paper it may be desirable to experi- 
ment with headboxes in which there are no obstructions 
and in which the flow contains only low-intensity tur- 
bulence; in a situation like this, theory based on an 
equilibrium in the interchange of energy from large- 
scale to small-scale components of turbulence could 
scarcely apply, and one should not force an improper 
application of theory in his zeal to do the job in a 
“fundamental” manner. On the other hand, if tur- 
bulence in the headbox is desired, one would do well 
to generate the turbulence with modern turbulence 
theory in mind; one should hasten to add that design 
for experiment or production should be based on all 
hydrodynamical theory and observational phenomena! 

If the need of the papermaker were that of obtaining 
uniform flow of turbulent or nonturbulent pure water 
from a slice, the problem would be difficult enough: 
but he needs uniform flow across the machine of a 


iber suspension which, for definiteness, we have 
« ) d 


characterized as having a consistency of 0.5%. How 
does this complicate an already complicated array of 
flow phenomena? In the writer’s opinion, the presence 
of the fiber does not substantially alter the phenomena 
which have been discussed. Reasoning from their data 
on the flow of 1% consistency paper stock in large pipes. 
Forrest and Grierson concluded that the presence oi 
fiber in water suppresses turbulence (the friction head 
loss for stock at very low speeds of flow is very much 
higher than that for water, but the situation changes at 
higher speeds—where it is known that the nearly 
quadratic relation between head loss for water anc 
velocity is due to turbulence—and the friction head loss 
for water is much greater than that for the paper stock) 
We know that turbulence is generated in the flow o 
low-consistency paper stock, and we suspect that the 
onset of turbulence in boundary layers and surfaces 0: 
confluence of streamlines operates with mechanism: 
that are the same as those observed for water. I 
would seem, then, that the primary effects of the fibe 
would be to lessen the intensity of turbulence an¢ 
possibly also to shift the energy spectrum somewhat té 
a larger scale of turbulence. 

The age-old effect of turbulence in a fiber suspensiot 
is the desirable one of dispersing the fibers. Althougl 
the phenomenon is analytically complicated, thi 
mechanical understanding of what goes on is so simph 
to comprehend that we need not dwell upon it here 
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In the language of the statistical approach, a “random 
walk” is involved; in a turbulent field, in which rela- 
tive velocities are random, two points, now in close 
proximity will, on the average, later be separated by a 
greater distance. However, turbulence of very low 
intensity serves kinetically to bring fibers together, 
and if the forces arising in local relative velocities are 
insufficient to overcome the low-order forces of contact 
between fibers in an agglomerate, flocculation of the 
fibers will occur. Therefore, it is only a rule that 
turbulence will disperse fibers—not a generalization. 


The tendency of fibers to “staple over’ or be caught 
by grids, rods, stirrers, and other devices which have 
_been tried in headboxes is a stumbling block to develop- 
mental work. For this reason the hot-wire anemometer 
may not be employed for the measurement of mean 
velocity and turbulence characteristics. It is possible 
that self-clearing Pitot tubes could be used with modern, 
sensitive pressure transducers operated in connection 
with suitable electronic gear. Work in this direction 
is urged in view of another stumbling block: optical 
studies of the flow and turbulence in the body of the 
suspension, away from walls, is practically impossible 
because of the opacity of a 0.5% consistency slurry. 
(It is possible that some progress could be made by using 
slurries of bleached pulp in a liquid whose index of 
refraction closely matches the average index of cellulose 
and whose viscosity and density are not greatly different 
from those of water. Then, witha very small fraction of 
the fibers tagged with dye, microflash pictures similar 
to those taken by Bryant and Moss might successfully 
be made at small distances from the transparent wall 
facing the camera. A further specification for the 
liquid, to be added if preliminary experiments were en- 
couraging, is that the flocculating and frictional effects 
of the suspended fibers should be comparable to those 
observed when water is the medium.) 


POSSIBLE INFLUENCE OF TURBULENCE ON EFFLUX 
VELOCITY 


One of the most important goals in the design of a 
headbox-slice system is uniformity of efflux velocity 
across the machine. It is for this reason that one or 
more perforated rolls is to be found in many headboxes. 
The action is essentially the same as that of the stilling 
racks, honeycombs, grids, and gauzes employed in 
wind tunnels and water channels to even the flow and 
damp large-scale eddies. Of course, the passage of the 
fiber suspension through the openings of these rolls 
produces moderately small-scale turbulence, which may 
not be optimum with regard to the several desirable 
and undesirable effects of turbulence. It is known, for 
example, that converging flow (of the sort that occurs 
at the slice) damps eddies, and it is believed that the 
reduction of the energy of eddies depends upon the 
orientation of their axes of rotation with respect to the 
stream direction. If the turbulence in the stream flow- 
ing under the slice is not homogeneous and if the 
anisotropy of the turbulence across the machine is 
variable, it is reasonable to expect that these departures 
» from uniformity of turbulence will cause variability of 
efflux velocity across the machine. In other words, 
perhaps more attention should be paid to the influence 
of variability of small-scale turbulence on the apparent 
hydrodynamic resistance to flow under the slice. Much 
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attention has been paid to variability of streaming 
velocity or approach velocity in the headbox as a 
source of nonuniform efflux velocity. It is not the 
intention here to reject the influence of variable 
approach velocity; but, in consideration of the fact 
that the ‘approach velocity head’ (v?/2g) varies with 
the square of the velocity and that the squares of small 
numbers are quite small, may we attribute across- 
machine variability of efflux velocity largely to vari- 
ability of streaming in the headbox? Possibly more 
work should be done on the relationship between the 
apparent hydraulic resistance of the slice and the 
measured characteristics of the turbulence in the fiber 
suspension just upstream from the slice opening. 


In any event, where turbulence is desired it would be 
of interest to explore the advantages of increasing the 
homogeneity of turbulence (through study of turbulence 
generators) and increasing somewhat the distance 
between the last turbulence generator and the slice; 
the latter factor would tend to render the turbulence 
more isotropic as well as more homogeneous. With 
regard to isotropy, it is an interesting fact of observa- 
tion that turbulence, even though anisotropic at the 
point of generation, becomes almost isotropic at a 
distance downstream equal to several times the diam- 
eter or spacing of the openings in the generator. 


ERRATIC TURBULENCE 


In an apparatus or equipment designed to minimize 
turbulence, such as a headbox without sharp bends, 
baffles, vanes, or perforated rolls, one should be sure 
that the turbulence generated at the walls of the supply 
duct and of the headbox is not erratic. It is well known 
that certain hydraulic systems will exhibit periodic 
spouting and this effect, when present in only a small 
degree in a headbox-slice system, might well lower the 
quality of the paper that is made. 


DOMINANCE OF VISCOUS FORCES IN MOTION OF 
FIBERS 


Before closing, the writer would like briefly to discuss 
the relative effects of inertial and frictional forces on 
the motion of such small suspended particles as paper- 
making fibers. So much thinking of the past has been 
based on misleading analogies, such as the motion of 
logs in rivers, that this seems to be desirable. To those 
who have worked in the field of hydrodynamics it 
would probably be sufficient to point out that, for the 
same fluid and relative velocity, the Reynolds number 
for a log is of the order of 10,000 times that for a typical 
papermaking fiber! The following example provides 
an excellent illustration of the overwhelming effect of 
frictional resistance. We consider the motion of a 
sphere of mass m and radius r suspended in water which 
is flowing in a duct of such design that the water 
accelerates. For various accelerations does the sphere 
lag the stream appreciably, or is the viscous traction 
stress of such importance that there is practically no 
lag? The problem can be solved almost rigorously if 
we choose a sphere, and the result for a sphere should 
be the more convincing because of the larger specific 
surface of an elongate body like a fiber. We choose 
an acceleration field such that the velocity increases 
with distance and time from x = 0 and t = 0 inaccord- 
ance with the equivalent expressions, 
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v = vol + ke) 


and 


v= Voevort 


Application of Newton’s Second Law and of Stokes’ 
expression for the viscous drag on a sphere results in 
the differential equation, 


d?z/dt? + a(dx/dt) — avkx = avo 


in which a = 9u/2pr?, u is the viscosity of the water, 
and p is the density of the sphere augmented by an 
amount to account for the inertia of the surrounding 
fluid; the latter is given a value of 2 grams per cu. cm. 
which will more than allow for the inertia of the 
fluid in view of the observation that the effective density 
of papermaking fibers in water is usually close to 1 gram 
percu.em. The solution of this equation is 


dx/dt = [1/k(a, — az)] [ai(kvo — az) eb! — ax(kvo — a1 )eo] 
in Which 
\ a = (—a + Va? + 4ark)/2 
and 
Q@ = (—a — Va? + 4ank)/2 


When 4k is much smaller than a, this equation is 
numerically equivalent, very nearly, to vp exp (vokt), 
that is, the velocity of the particle is almost indis- 
tinguishable from that of the water (the retarding effect 
of inertia is almost completely negligible). A numerical 
example will illustrate this. If, at some point before 
the slice the velocity vp is 200 cm. per sec. and the speed 
doubles in a space of 10 cm., wk is 20 sec.—!. The 
viscosity of water is about 0.01 poise and if the radius 
of the sphere is 0.0015 cm. (a diameter of 30 mu), a is 
found to be 10,000 sec.~!. Numerical calculation 
shows that the speed of the sphere is almost indis- 
tinguishable from that of the water, even after a travel 
of 10 em. in the assumed field of acceleration. Cal- 
culation shows that, after the water has moved a dis- 
tance of 17.20 cm. from the point at which the speed is 
200 cm. per sec., in the same time the sphere has moved 
17.15 em., which means that a fiber would stay with 
the water at least as well as this. This kind of dis- 
cussion has been extended to other phenomena in zones 
of acceleration, such as aligning tendency of individual 
fibers, stretching and partial disruption of fiber agglom- 


erates, and other phenomena which have been directly 
observed by Bryant and Moss. 

Of course, in a powerful field of centripetal accelera- 
tion, such as in a centrifuge, fibers will move away 
or towered the axis of rotation with appreciable relative 
speed according as the effective density of the fibers is 
ereater or less than that of water. It is dubious that 
centripetal acceleration in vortex motion in the head- 
box could, in itself, produce appreciable relative move- 
ment between fiber and water. For example, a vortex 
having an angular velocity of 25 radians per sec. at 
a radius of 2 em. would possess, at that radius, an 
acceleration of 1250 em. per sec.?. In the numerical 
example chosen above to illustrate the smallness of lag 
of a suspended sphere, the initial acceleration was 4000 
em. per sec.”, and we saw there that the relative move- 
ment between the particle and water was very small. 
Insofar as the relative movement between fibers is 
concerned, we suspect that the well-known mixing 
action of eddies, occasioned by collision and mechanical 
interaction between vortices, is the major effect of 
turbulence. 
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Fiber Motions and Flocculation 


S. G. MASON 


During flow through the headbox and slice and onto the 
wire of a paper machine, velocity gradients are established 
in the stock. Previous experimental work has shown 
that these yelocity gradients are important in fiber floccu- 
lation. This paper summarizes the results of an experi- 
mental study of the rotations and collisions of spheres, 
rigid cylinders, and wood fibers caused by yelocity gra- 
dients in which the liquids are suspended. This work has 
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been carried out to shed further light on the way in which 
fibers aggregate. The rotations, spins, and orbits of the 
model particles show good agreement with theoretical pre- 
dictions. Those executed by fibers are complicated by the 
bending which occurs and by their irregular shape. The 
collisions of spheres have been studied in some detail. 
When two neutral spheres collide, a doublet which persists 
for a definite and predictable time is formed. This leads 
to a purely hydrodynamic association into doublets, trip- 
lets, ete. Collisions between cylinders are more difficult 
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to characterize, but appear to involve collisions of orbits 
rather than actual contact. Collisions of fibers are still 
| more complicated, but it has been shown that, on collision, 
two fibers can twist around one another and rotate as a 
doublet for a number of complete rotations; this is be- 
lieved to be the first step involved in the flocculation of 
fibers in papermaking stocks. 


IN THE passage of the stock through the head- 
box and slice, and down the wire of a fourdrinier ma- 
_ chine, differences in velocity are generally established 
_ between neighboring elements. Experiments have 

shown that these velocity gradients play an important 

_ part in determining the extent to which the fibers are 

flocculated, and have led to the conclusion that, at the 

fiber concentrations and under the conditions of flow 

met in practical papermaking, fiber bundles are gen- 

erally, but not necessarily exclusively, formed by a 

purely mechanical entanglement of fibers as a result of 

_ the characteristic translational and rotational motions 

of individual fibers and fiber aggregates in velocity 
gradients (1-4). 

In this paper it is proposed to outline a number of 

: experiments which have been carried out to determine 


how suspended particles behave in velocity gradients. 

Rotations, collisions, and other interactions of model 
) 

particles, such as spheres and rigid cylinders, and of 


) Fig. 1. Concentric cylinder apparatus for studying particle 
i motions and interactions in a velocity gradient 


wood fibers have been studied following a course whose 
theoretical foundations have been laid in an earlier 
‘paper (4). The phenomena which are described are 
‘basic to an understanding of the mechanism of fiber 
flocculation as well as of a number of properties of 
' fiber suspensions. 
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THE VELOCITY GRADIENT METHOD 


The experiments on particle motions and interactions 
were conducted in a special Couette-type apparatus 
(shown in Fig. 1) consisting essentially of two precision- 
bore concentric glass cylinders which can be rotated in 
opposite directions by separate driving mechanisms 


x 


Fig. 2. Principle of the Couette apparatus. The cylinder 
speeds are manipulated so that the translational velocity 
of the center of the particle (at P) is zero. The Z axis of 
the rectangular coordinate system is parallel to the axis of 
rotation of the two cylinders; (after (5)) 


whose speed can be varied continuously. The sus- 
pended particles are placed in the annulus between the 
two cylinders and are viewed through a microscope 
which can be moved in all three dimensions and whose 
axis 1s directed at right angles to the axis of rotation of 
the Couette cylinders. If a rectangular coordinate 
system is established with the X, Y, and Z axes, respec- 
tively, parallel to the direction of fluid motion in the 
annulus, to the direction of the microscope axis, and 
to the axes of the Couette cylinders (see Fig. 2), then 
the particles are seen as projections on the X-Z plane 
of the coordinate system thus defined. 

A single particle can be arrested for detailed observa- 
tion in the field of the microscope by manipulating the 
mechanical drives so as to bring the stationary liquid 
layer (shown as a broken circle in Fig. 2) into coin- 
cidence with the center of the particle at P (Fig. 2). 
The fluid in the neighborhood of P, which is taken as the 
origin of the coordinate system, thus undergoes shear 
motion defined by u = Gy, v, w = 0, where wu, v, and w 
are the translational velocities in the X, Y, and Z 
directions. G is the velocity gradient at P, and can be 
calculated (5) from the speeds of rotation and the 
diameters of the Couette cylinders with an absolute 
precision of about 1: 1000. 

To ensure laminar flow and to avoid gravitational 
and centrifugal sedimentation, the particles are usually 
suspended in a highly viscous medium; corn syrup 
having a viscosity of about 50 poises was used for this 
purpose. ‘To observe the various phenomena in detail, 
the experiments were carried out at very low velocity 
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gradients with 2.5 sec.~! as an upper limit. It is con- 
sidered that under these conditions effects due to par- 
ticle accelerations, which cannot be treated theoretically 
and which would, in any case, considerably complicate 
the observations, were absent. 


aN 
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C 
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Fig. 3. A spherical elliptical orbit of a rotating cylinder 

(upper portion). In studying these orbits experimentally, 

the angle \ is measured as a function of time. A series of 

orbits corresponding to various values of the orbit constant 
C is shown in the lower portion 


This arrangement proved to be highly successful in 
studying the rotations and interactions of model par- 
ticles such as tiny glass spheres (20 to 150 mu diam.), 
smooth rigid cylinders (glass, Dacron Polyester, 
nylon, etc., 10 to 20 mu diam.), and pulp fibers. De- 
tailed results of these experiments will be found in 
separate publications (5—9), but an outline of the salient 
findings, particularly those bearing on the problem of 
fiber flocculation, is given here. 
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ROTATIONS OF SINGLE PARTICLES 


Spheres 


When a tiny glass sphere is introduced into the 
apparatus and is located at P (Fig. 2), it can be seen to 
spin about the Z axis at a constant angular velocity. 
The direction of spin is the same as that of the outer 
Couette cylinder and for the case shown in Fig. 2a 
clockwise. This steady rolling motion, which is caused 
by the uneven viscous drag of the sheared liquid, was 
originally predicted by Einstein in his well-known analy- 
sis of the viscosity of suspensions of spheres. The 
measured values of the periods of rotation for a range of 
particle sizes and velocity gradients agree within the 
limit of experimental error (0.1%) with the theoretical 
value (5, 10, 11) given by 


T, = 47/G (1) 


Straight Rigid Cylinders 


Smooth rigid cylinders also rotate but, because of 
the lack of symmetry, their behavior is more com- 
plicated. The rotational motion is, however, governed 
only by the ratio of length to diameter (the “axis ratio”) 
and not by the actual size. 
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Fig. 4. Observed X-Z projections of a rotating cylinder at 

equal time intervals during one-half rotation in an orbit 

depicted in Fig. 3. The angle \max. can be used to calculate 
the orbit constant 


The ends of a single rod rotate about the Z axis in a 
spherical elliptical orbit, as predicted by Jeffery for 
prolate spheroids (/) and as discussed before (4, 5), 80 
that the rotating rod describes a surface which, very 
roughly speaking, is a double cone. The projection of 
this orbit on the X-Y plane is an ellipse. A family of 
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such orbits is shown as the heavy lines of Fig. 3. Each 
orbit is characterized by an orbit constant C, related to 
the eccentricity of the spherical ellipse, which can vary 
from zero, when the principal axis remains parallel to 
the Z axis, to » when the ends of the particle describe 
a great circle in the X-Y plane. At the same time the 
particle spins about its principal axis with an angular 
velocity w predicted to be 


wo = G cos 6/2 (2) 


where @ is the instantaneous angular displacement of 
the ends of the particle from the Z axis. This type of 
_ rotation is subsequently called “axial spin”; the 
» rotation of the particle axis about the Z axis is called 
simply “rotation.” It should be noted that when 
6 = 0, 1.e., the particle is parallel to the Z axis, the axial 
spin is the same as that of a sphere (equation (1)). 

In the experiments the particles are viewed as projec- 
tions on the X-Z plane and the angular displacement \ 
of the projection of a particle from the Z axis can be 
measured at any instant. It can readily be shown from 
Jeffery’s equations that the period of rotation of the 
particle about the Z axis is 


T, = 2xr/G (3) 
and that the angle \ varies with time according to the 
equation 


tan X = Cr sin2xrt/T» (4) 
where 
T, = period of rotation 
= time 
r = axisratio = length/diameter 
C = orbit constant 


It follows from the last equation that the particle 
should appear to rock back and forth between the 
angles + \max. given by 


GAT Nate OT: (5) 


as shown in Fig. 4. Thus by measuring max. the 
| orbit constant C can be computed. 


The measured periods of rotation vary inversely with 
G and for a given axis ratio are independent of the 
particle orbit, but are 30 to 40% lower than predicted 
by equation (3). It will be recalled that equations 
(3), (4), and (5) were derived for an ellipsoid of revolu- 
tion (i.e., a cigar-shaped particle); the lower values for 
a cylinder are to be expected from the difference in 
shape (2). The three equations can be applied to 
cylinders, however, by substituting r, the “equivalent 
ellipsoidal axis ratio” for the actual value r, where 7, is 
computed from the measured period of rotation 
using equation (3). Table I gives values of the ratio 


Table I. Equivalent Ellipsoidal Axis Ratios of Rigid Cyl- 
inders 


Calculated from measured periods of rotation 


Axis ratio 


r Te fo/T. 
20.4 14.3 0.70 
68.4 38.0 0). 56 
115.3 60.5 0.538 


r,/r for several values of r from 20 to 115, covering the 
| range of axis ratios in wood fibers. 
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Prolonged observations over hundreds of successive 
particle rotations show that the orbit, determined from 
observations of Amax., remains constant except for a 
slow random drift due to convection caused by unavoid- 
able temperature gradients in the apparatus. 

The actual details of the orbits, determined by meas- 
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Fig. 5. The variation of the angle \max, with time for a 
rotating straight Dacron polyester filament of axis ratio 90. 
The points are calculated from the experimentally deter- 
mined values while the curve is calculated from equation 


(4); after (8) 


uring the variations of \ with time, are found to be in 
excellent agreement with equation (4). An example is 
shown in Fig. 5. 

The axial spins predicted by equation (2) have not 
been studied qualitatively but are observed to be in 
qualitative agreement, i.e., w is zero when the particle 
rotates in the X-Y plane (C = ~, 6 = 2/2) and in- 
creases as the orbit constant C decreases until it reaches 
a maximum when the particle is parallel to the Z axis 
(4, irae C = 0). 

The foregoing remarks apply to straight particles, 
but with some modification, also apply to rigid fila- 
ments curved in circular ares subtending angles less 
than 90°, the upper limit of curvature in the particles 
thus far studied. Single particles rotate in unchanging 
orbits qualitatively similar to those of straight rods. 
Similar values of r,/r, in which 7 is now computed from 
the chord length, are found when C = ©, i.e., when 
the particles rotate in the X-Y plane and when the 
axial spin is zero, but become smaller as C — 0 and 
the axial spin increases. When viewed in the micro- 
scope field, the axial spin is much more in evidence than 
is the case with straight particles. It is believed that 
the decrease in period of rotation (7.2) is due to the effect 
of spin in decreasing the effective axis ratio of the 
particle (9). 


Wood Fibers 


The motions of single wood fibers bear a relationship 
to those of the model particles discussed above but 
are complicated by a number of additional factors. 
Except for highly lignified fibers, such as those of 
groundwood and high-yield semichemical pulps, the 
fibers are found to be flexible, either being relatively 
uniformly flexible or, more often, having flexible joints 
where the bending is localized. In many substances 
the joints can only bend in one direction but not in the 
other, 1.e., they are knee joints. It is reasonable to 
suppose that these joints result from localized fracture 
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of the primary wall, but this point remains to be ex- 
plored. In the unstressed state the fibers are rarely 
straight, and the bends are not uniform. Furthermore, 
instead of being circular in cross section, they are 
usually flattened into a ribbon especially when they 
have been dried and/or beaten. 


Fig. 6. Modes of rotation of flexible wood fibers. A is a 
flexible spin, B is a flexible rotation with superimposed 
spin, C is a snake turn, and D is a loop turn; after (9) 


The wide variations in structural characteristics and 
dimensions of fibers in a single sample make systematic 
observations difficult. Nevertheless it has been possi- 
ble to systematize the motions into the following gen- 
eral classes (9): 

1. Regid Rotations. Qualitatively similar to those 
of the corresponding rigid filaments. Sharp bends have 
a pronounced effect on axial spin. 

2. Flexible Spin. Main axis parallel to Z axis, i.e., 
Amax. = 0. Bending when in the X-Z plane (the plane 
of shear) and tending to straighten out when in other 
spin positions. 

3. Flexible Rotation. Main axis displaced from Y 
axis, 1.e., with 0 <Amax.<7/2. Rotation in an approxi- 
mately spherical elliptical orbit (Fig. 3) with a super- 
imposed flexible spin. 

4. Snake Turn. Main axis rotates close to X-Y 
plane, i.€., Amax.—> 7/2. Straight when pointing in X 
direction (direction of flow). One end starts to bend, 
with bend passing along the fiber from the leading end 
(the head) to the trailing end (the tail) until particle 
axis has rotated 180°. Repeated with same end lead- 
ing until rotation is completed; occasionally the head 
will bend to start a new half turn before tail straightens 
out. This often results in a closed loop or spiral. Be- 
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havior varies according to whether fiber is uniformly 
flexible along its length or has flexible joints. 

5. Loop Turn. Main axis rotates as for a snake 
turn, but with both ends forming a head in opposite Y 
directions until half rotation is completed and fiber 
straightens out in X direction. 


These are illustrated schematically in Fig. 6. The 
most commonly observed is the ‘snake turn.”” Several 
evenly spaced frames from cinephotomicrographs of 
a semirotation of the latter kind are shown in Fig. 7. 
Contrary to expectation, the “loop turn” is rarely ob- 
served; evidently the fibers do not possess the necessary 
uniformity in cross section and flexure along their 
length. 

Unlike the single rigid particles which move in 
constant orbits with C varying from 0 to ©, a single 
flexible fiber on prolonged shearing tends to shift either 
to \max. = 0 or tO Amax. = 7/2, i.e., toward a flexible 
spin or a snake turn orbit, the preference being for the 
latter. The intermediate steps involved in the drift 
have been studied (9) but need not concern us here. 


The bending stresses in the fibers are generated by 
the shearing action of the liquid and, by analogy with 
the deformation stresses which have been calculated 
around a sphere (//), may be expected to be propor- 
tional to the product Gy, where 7 is the viscosity of the 
fluid. Since the fluid used in these experiments has a 
viscosity about 5000 times that of water, the shear 
rates in papermaking suspensions at which similar 
distortions would be observed would be at correspond- 
ingly higher shear rates. While most observations are 


Fig. 7. Photographs of a snake turn of a pulp fiber during 
a half-rotation; after (9) 


for practical reasons made at about 1 sec.—1, there 
appears to be no lower limit of G at which the same 
behavior is observed. In other words, it is probable 
that pulp fibers bend similarly when they flow through 
the paper machine. 

Measurements of periods of rotation, 7», of “snake 
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turns” yield values which are about one-tenth those of 
nigid cylinders of corresponding axis ratio. This is 
not surprising in view of the greatly reduced effective 
_ axis ratio caused by the bending. 


COLLISIONS AND INTERACTIONS 


Thus far we have considered only the rotations and 
spins of single particles. When the liquid contains a 
multitude of particles, they either collide or interact 
' with one another. These interactions have a number 

of important consequences. 


Spheres 


Let us first consider the simplest case, that of spheres. 
| When a dilute suspension of glass spheres (less than 
1.5% by volume) is introduced into the apparatus, 
and one is selected for observation it is found that it 
continues to spin in accordance with equation (1) until 
another sphere approaches and appears to collide with 
it. These collisions are of interest in connection with 
fiber flocculation as well as with other phenomena and 
have been studied in considerable detail (6). 

The manner in which two-body collisions can occur 
is readily visualized. A single sphere moves with the 
same translational velocity as the undisturbed liquid in 
» the same shear plane (the X-Z plane). Two spheres in 
different shear planes will therefore move at different 
velocities in the X direction. If the path of the center 
' of one sphere carries it into the “collision sphere’’ de- 
' scribed about a second sphere having a radius equal to 
the sum of the radii of the two spheres, a disturbance of 
/ the motion of both spheres must occur. It is found that 
/ when the two spheres do not differ by more than 100% 
in radius, the path of approach is a straight line up 
) until the instant of “collision”? when a doublet forms (6). 
An analysis of the mechanics of collision leads to the 
) following relationship for f, the number of collisions 
) suffered by each particle/unit time in a suspension of 
equal-sized spheres, 


f = */:a°nG = 8cG/x (6) 
' where 
a = diameter of spheres 
nm = number per unit volume : 
c = volume fraction of spheres in the suspension 
G = velocity gradient 


A similar relationship can be derived (7) for collisions 
/ between spheres of different size. 
_ Both relationships have been confirmed by direct 
/ measurements of two-body collision frequencies over a 
) range of particle sizes, concentrations, and velocity 
' gradients. A series of measurements (6) on equal-sized 
' glass spheres of diam. 137 mu over a total of 1400 colli- 
BS sions yielded a value of fotservea/ fealculated = 1.01; this 

agreement is well with the estimated experimental error. 
' Each collision is found to be sharply defined. The 
» experimentally established details of the collision 
| process for equal-sized spheres are illustrated sche- 
| matically in Fig. 8. The behavior may be summarized 
| as follows: 
1. When two colliding spheres approach one an- 
| other, an abrupt change in the motion of each occurs 
| and the contact between one pair appears to the eye 
to be real. 

2. The doublet formed by the two colliding spheres 
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exists for a time as a definite entity. It rotates as a 
rigid dumbbell, without rolling or sliding motion, at a 
constant angular velocity about the Z axis, until a 
mirror image of the initial angle of contact $0 (Fig. 8) 
is described. The particles then separate at the same 
Y and Z coordinates as they possessed before collision. 


¥. 
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Fig. 8. Projections of doublet formed by two colliding 
spheres of equal size for beginning (1), mid-point (2) and 
end (3) of a collision; after (6) 


3. Each doublet has a finite life which depends upon 
the relative positions of the two particles at initial con- 
tact. It is possible to calculate the distribution func- 
tion of doublet lives, and from them the mean and 
maximum lives. These relationships were confirmed 
by direct measurement (6). 

The fact that neutral rigid spheres form doublets 
having finite and calculable lives has a number of 
interesting consequences of which one may be men- 
tioned here. If spherical particles are uniformly 
dispersed in a liquid which is sheared in the manner 
described above, or more generally by stirring, particles 
are brought into collision with one another and remain 
associated for a definite period of time. It has been 
shown (6) that the average life of a doublet 7 is given 
by 


Pain (7) 


It will be evident that, as stirring proceeds, a steady 
state will be reached in which the number of doublets 
formed in unit time is equal to the number of doublets 
which die by separation. Since a doublet exists for a 
finite time, it is reasonable to assume that it can undergo 
a further collision with a singlet and thus form a triplet, 
and so on. Thus we can see that a hydrodynamic 
association can occur between neutral particles, purely 
as a result of the differential translational motion of the 
particles due to velocity gradients. 

It is readily shown that the steady-state number of 
doublets per unit volume is fn7/2 from which it follows 
that the volume fraction of doublets co is 


Co = 8c? (8) 


Equation (8) is only valid at low concentrations 
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since both the depletion of singlets and the formation of 
triplets, etc., have been ignored. Calculated concen- 
trations of doublets are shown in Table II for various 
total concentrations. Here it is seen that at concen- 
trations as low as 2% by volume, 15% of the total 
number of spheres are associated in doublet form. 


Table II. Steady-State Concentration of Doublets in a 


Suspension of Spheres 


Volume, % Volume, % 
c ce 100¢2/¢ 


2 0.3 15 
4 i} 32 
8 5.1 64 


While the collisions observed appear to be real, proof 
of true contact is lacking. However, when air bubbles 
are studied, it is found that the interacting pair coalesce 
aftera time. This suggests that the particles approach 
each other within a distance of at least 10 to 20 A to 
allow surface tension forces to come into play. 


Rigid Cylinders 


“Collisions” occur in a suspension of rigid cylinders 
but as may be expected, the details are considerably 
more complicated than for spheres. The collisions 
need not involve actual contact of the particles, but 
merely an interpenetration of orbits. Since the volume 
generated by a cylinder moving in orbits of the kind 
discussed earlier is considerably greater than its real 
volume, the collisions are much more frequent than in 
suspensions of spheres of the same concentration (4, 8) 
In a dilute suspension of cylinders, it can be shown that 
isolated particles move in exactly the same way as 
the single particles discussed previously, 1.e., in fixed 
orbits and with periods of rotation according to equa- 
tions (3) and (4). 
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Fig.9. The variation of the angle \ with time for a Dacron 

polyester filament of axis ratio 90 undergoing an inter- 

action with another similar particle (curve 1). Curve 2 

is that of a single undisturbed particle (Fig. 5 and equa- 

tion (4)). Note the change i in the angle max. and in period 
caused by the interaction; after (8) 


When two particles approach so that their orbits 
interpenetrate, they become associated for a time and 
then separate; during the life of the doublet, each 
particle moves in an orbit different from that expressed 
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by equation (4). After separation, each particle has 
an orbit constant C different from that existing before 
collision. This is illustrated in Fig. 9 where it is seen 
that a collision, in addition to knocking each particle 
into a new orbit, also causes it to undergo a change in 
rotational Bae: 


ee 
Ore 
ORS 


2 S 


Fig. 10. Space described by orbits of rotating cylinders: 
(1) below, (2) at, and (3) above the critical concentration | 
(schematic) 


The variation in rotational velocity of a straight 
cylinder at various positions in its orbit can be expected 
to yield preferred orientations in various reference 
planes (4, 8). When a dilute suspension in which the 
particles have an initially isotropic distribution is 
sheared, it is found that there is a gradual drift in the 
instantaneous distribution function of )’s toward a 
steady state with a preferred orientation in the direc- 
tion of flow. This can only be explained by the changes 
in C and rotational phase which accompany collision. 
It should be noted that the equilibrium state is a 
dynamic one. 


As the concentration is increased, the frequency s 
two-body encounters increases as the particle orbits 
become more and more crowded, until a point is reached 
when a rotating cylinder is under more or less con- 
tinuous interaction. This has been observed experi- 
mentally to occur at concentrations of less than 0.05% 
by volume in particles of axis ratio 20 (8). 


Fibers | 

The interaction of fibers is similar to that of rigid 
cylinders, but is further complicated by bending. At 
very low concentrations, e.g., less than 0.05% by 
weight, which is the upper limit of concentration at 
which single fibers can be followed in the microscope 
field, the encounters are very frequent and cause the 
par ticles to move in erratic orbits. 

In many instances when two fibers collide, particu- 
larly when they are undergoing flexible rotations and/or 
snake turns, they become entangled around one another 
and execute a number of rotations as a pair, analogous 
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to a doublet of spheres, before disentangling and 
separating. Although only a limited number of 
observations have been made, it appears that. this 
entanglement is facilitated by bending of the fiber, 1.e., 
is favored by increased flexibility. At slightly higher 
concentrations, fiber aggregates having a dynamic 
structure, i.e., aggregates which are continuously gain- 
ing fibers by collision and losing them by disentangle- 
ment, can be observed. 


CONCENTRATION EFFECTS 


The foregoing observations on cylindrical particles 
and fibers have been made at concentrations much 
lower than in the stock fed to the headbox of a paper 
machine. As we have seen, a rotating fiber sweeps out 
a volume considerably greater than its actual volume. 
It is evident, therefore, that as the concentration of the 
suspension is increased, a critical concentration will be 
reached, as shown schematically in Fig. 10, above which 
the fibers cannot undergo unimpeded rotations, simply 
because there is insufficient space in which to move. 
Under these conditions, it is to be expected that the 
equations describing the motions and collisions dis- 
cussed above are no longer applicable. 

An estimate of the order of magnitude of the critical 
concentration can be made by assuming that the 
statistically averaged shape of the space enclosed by a 
rotating fiber is a sphere whose diameter equals the 
particle length. It is readily shown (4) that 


Effective volume of rotating particle 
Actual volume of particle 


= 2r?/3 (9) 


and that the critical concentration co, expressed as a 
volume per cent, is given by the relation 


co = 3/2r? (10) 


The c given by equation (10) gives a lower limit since 
the extreme case of a spherical orbit has been assumed. 
In the case of a rigid rod, a more realistic shape is that 
of a cylinder with an elliptical cross section. In this 
case, the volume of the orbit can be readily shown to be 
a function of the orbit constant C. Calculations based 
upon the steady-state distribution functions of the orbit 
constants which have been established experimentally 
show that the assumption of the simple spherical orbit 
does not introduce a very serious error in calculating ¢p 
(8). On the other hand, when we are dealing with 
flexible fibers, the effective length of the fiber is dimin- 
ished by bending by an amount which presumably 
depends upon the flexibility of the fiber. This will have 
a further effect of reducing ¢, but the amount cannot 
be estimated since we do not yet have any quantitative 
measure of fiber flexibility. 

Table III gives values of cy calculated from equation 
(10) for various values of the axis ratio r covering a 
range representative of wood fibers. It should be 
noted that the concentration is expressed as volume 
per cent. To convert to a weight/volume basis the 
values shown should be divided by the hydrodynamic 
specific volume which is of the order of 1 to 3 ce. 
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per gram for pulp fibers. It will be noted that the 
critical consistencies are well below those of conven- 
tional papermaking stocks. 


Table III. Critical Concentrations for Free Rotations of 
Rigid Cylinders 


Co, 
% by volume 


Axis ratio 
20 Sint oe Oe 
40 9.4 X 1073 
60 4.2 X 1073 
80 Dela Ohne: 
100 I) YK NO 


Growth of flocs by purely mechanical entanglement 
above the critical concentration can be visualized to be 
somewhat similar to that observed in the experiments 
described above. When a suspension is sheared, 
fibers collide and entangle with one another; at the 
same time the flocs are progressively broken down, so 
that a dynamic equilibrium can be established between 
the growth of floes by the collision mechanism described, 
and their breakdown by the disruptive action of the 
shear stresses. It has been shown that the extent of 
flocculation decreases as the velocity gradient increases 
(1). This can also be demonstrated in the Couette 
apparatus at concentrations in excess of the critical. 
It has been observed that if a pulp suspension upward 
of 0.1% in concentration is sheared for a time, and the 
motion is then suddenly stopped so that the prevailing 
structure is frozen, the extent of flocculation, as judged 
visually, decreases as the shear rate is increased. Ina 
further series of experiments in which pulp suspensions 
were passed through a tube 7/3 in. in diameter and at 
consistencies up to 0.7%, fiber dispersion was pro- 
moted, apparently without limit, by increasing the 
stock velocity up to 700 f.p.m. and hence the velocity 
gradient, and was hindered by increasing the fiber con- 
centration (7). The interpretation of these experiments, 
however, is complicated by the fact that the rate of 
shear could not be specified since anomalous flow 
patterns were developed in the stock. The results 
have, however, demonstrated that there is a close 
relationship between flocculation and flow behavior of 
pulp suspensions. In view of the observations made on 
particle motions and particle collisions, this is not 
surprising. 
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Hydraulics of Flowbox and Slice 


W. VAN DER MEER 


The requirements for an ideal slice are discussed briefly. 
However, this paper is primarily concerned with the 
principle used in flowbox and slice design. The hydraulic 
principles are given for flow systems, canals, distributing 
rolls, whirls, vortices, changes in stock direction, bends, 
pipes, cross and flow spreading, and the slice. Baffle, 
airdome, and closed boxes are also reviewed. 


Unit very recently all headboxes were de- 
signed on an empirical basis. Progress in design was 
slow, improvement being effected by trial and error 
methods in the field, there being little recognition of the 
fundamental principles involved and thus little coor- 
dination between the efforts of different mills. 
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Fig. 1. Influence of power frequency on slice pressure 

The science of hydraulics originally started in the 
same empirical way. The large quantity of data 
originally found were ultimately embodied into empiri- 
cal mathematical relationships, and these often formed 
the basis of later theoretical treatment. 

Application of the laws of hydraulics to those parts 
of a paper machine where stock is flowing necessitates 
a further progression, since the flow of stock differs from 
the flow of water. The mass forces involved are of the 
same order for both water and stock; the behavior of 
stock under flow, however, is not always as can be 
predicted by its apparent viscosity, thick stock being a 
type of Bingham fluid. These differences between 
stock and water are stressed in the parts which follow. 

The ideal slice can be defined as one which gives an 
equal jet, so that even formation is possible; by this is 
meant an equal distribution of fibers for the smallest 
area considered, 1.e., quality of weight per square inch 
not per square foot. Further spots of deviating concen- 
tration and flocs must be absent from the stock as it is 
delivered to the wire. To obtain this the slice must 


have: 

W. VAN DER MEeR, Research Engineer, Hydraulic Laboratory, Van Gelder 
Zonen N. V. Papermills, Holland. 
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1. A jet of even velocity profile right across the machine with 
absence of cross velocities in the jet. 

2. A constant fiber distribution. 

3. A high level of turbulence in the jet so that there is a ran- 
dom fiber distribution. A flat jet is needed on leaving the slice 
so that large-scale turbulence must be particularly avoided, 


The methods of obtaining the above conditions are of 
less importance to the papermaker than the conditions 
that the installation should be (1) easy to clean; (2) rea- 
sonably easy to handle; (3) not expensive; and (4) per- 
haps more important in Europe, not consuming ex- 
cessive power. 

Certain fundamental requirements are common to all 
headbox installations; these are listed and briefly dis- 
cussed below. The remainder of the paper from Canals 
onward discusses stock flow, headbox, and slice, as- 
suming that these stated fundamental rules have been 
followed. 

A constant rate of flow of stock and water to the slice 
is essential. Here it can be pointed out that what is 
meant is a rate constant when the time interval consid- 
ered is very small. Clearly the rate considered in 
gallons per minute may be constant while the rate in 
gallons per 0.1 sec. fluctuates wildly. 
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Fig. 2. Typical flow resistance 
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Figure 1 shows the frequency variation and corre- 
sponding headbox level fluctuation on a typical machine. 

The upstream installation must be constructed in 
such a way that there is no free fall of stock or water, 
thus preventing entrainment of air. To remove air 
once entrained is both expensive and difficult. 


STOCK STOCK 
24 MAX.14° 2h MAX. 32° 


FLOW_IN TAPERING CANALS 


Fig. 3. Flow in tapering canals 


The wire pit and screens, the screens and headbox, 
and parts of the headbox may all form oscillating 
systems. If the period of oscillation is a multiple of the 
screen frequency then resonance is possible, resulting in 
' the possibility of oscillations of large amplitude. These 
i oscillations can cause basis weight variations by chang- 
ing both head and consistency in the flowbox. Such 


conditions can most easily occur when the pipe lines 
are short and wide with no pumps in them. 
The time of oscillation can be calculated according 
to the formula: 


i Pa nL 
g A(A; cos az + Az cos ay) 
where 
th = cycling time in seconds 
L = length of tube 
A = area of pipe line 
A,A,2 = area of tanks 
aja, = wall angles , 
g = gravity acceleration 


The fact that we are considering a stock suspension 
does not affect the formula very much. For further 
data refer to Rouse (1). 
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One of the difficulties when endeavoring to calculate 
how to damp the system is how to choose the viscosity. 
For this purpose the apparent viscosity as found by 
Head (2) is applicable. 

As an example, with screen surface and flowbox sur- 
face both 2 sq. m. and screens with 1 r.p.m., resonance 
can occur if one part of the screening surface is more 
open than the other provided the connecting pipe has 
a diameter of approximately 40 and 300 em. long. 

The principles used in flowbox and slice design and 
construction are considered in the next section. As 
this section is in parts very compressed, reference (3) 
should be consulted for full information. The third 
section of the review by the present author and J. 
Mardon will shortly be published in the Pulp and Paper 
Magazine of Canada and was delivered as a summary by 
O. J. Walker at the 1954 Summer Meeting of the Tech- 
nical Section, Canadian Pulp and Paper Association. 


CANALS 
Flow Systems 


Four systems of flow are defined, based on the in- 
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ENERGY DISTRIBUTION IN THE SLICE JET 


Fig. 4. Energy distribution in the slice jet 


vestigations of Heller (5) and the author and his co- 
workers. See Fig. 2. 

1. Plastic flow—not desirable in a flowbox. 

2. Laminar—also not desirable as the flow is not stable. 


3. Boiling flow—the most common. Here the stock is mov- 
ing in masses, independently of each other. At the planes of 
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shear the resistance is low, and thus these masses retain their 
identity over considerable distances. 

4. Turbulent—at which the fibers are moving freely along 
each other and which occurs only at velocities found in the slice 
and when the intensity of turbulence has a very high value, as 
behind an evener roll. 


The flowing velocities in the last case are for: 


Bleached sulphite cellulose..... approx. 4 ft./sec. 
GarnunoehOerels vis civ cnn aedm 6 Hee ee approx. 6 ft./sec. 
Unbleached sulphite..... So approx. 4 ft./sec. 


for 0.5% consistency. 


Widening Canals 


For water Hamel (6) found that the maximum angle 
at which the flow will follow both walls will be: 2a = 
12°. The author and his coworkers have confirmed this 
using their model flume. For 0.5% groundwood: 2a = 
112737 (Hig. 3B): 


Distributing Roll 


When the widening walls begin at the center line 
(Fig. 30), Qa = 14?/3°. When beginning !/2 D earlier 
(Fig. 3D) 2a = 32°. Both are results of our own in- 
vestigations (7) with groundwood of 0.6% consistency. 


33 CM/SEC. 


— 30 CM/SEC. 


a 
Hg = Hy COSK.TES 


Fig. 5. 


Vortex generation 


Diverging canals may be built, also according to the 
last system, much shorter, a wall tangent of 1:31/, 
instead of 1:10. 


Narrowing Canals 


Free Canals. The theory of Hamel (6) says that the 
flow distribution of a narrowing canal is very equal. 
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This does not mean that there exists no turbulence of 
high intensity! This may be seen in a free jet from a 
slice. This equal velocity may be one of the reasons 
why the flocs of the investigations of Moss and Bryant 
(8) would not turn. ' 
Figure 4 shows that even the afluence of a bending 


Fig. 6. Whirls in bends 


of the slice 7s equalized, as measured with a pitot tube of 
3 mm. diam. and water and 0.6% groundwood as flow- 
ing medium. 

For a stable flow with equal velocity over the height 
of the jet, an angle of the slice lips of 10 to 20° is ad- 
visable, for the negative pressure Gough (9) calculated 
must be prevented. This would give reason for the ait 
in the stock to come free. When the slice plates are 
polished sufficiently over the last part, say five openings’ 
length, and the edges are straight and sharp, a jet may 
be observed having over its first length a glassy ap- 
pearance due to the boundary layers from the slice lips 
but further on the jet becomes rough again due to the 
inner turbulence, as may be seen very well with 4 
stroboscope of 30 to 40H,. 

Distributing Roll. After a distributing roll we wil 
get macroturbulence, especially when the free opening 
is less than 52% of the roll surface, as will be discussec 
later. 

After a distributing roll 6 in. diam., 40% open, in ¢ 
parallel canal, boiling flow continued to exist afte 
3'/. ft., though the velocity of the 0.6% groundwooc 
was only 1 ft. per sec. 

When the angle between the walls following the roll 
using the same distributor roll was narrowed to 2a = 
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10°, the amplitude of the macroturbulence was about 
8/4 in. in the last 1/2 ft. Only when the angle was 
| 2a = 18° or more, was the flow quite straight there. 


water gage have an influence on the flow rate on that 
place through the slice. 
A good method of detecting these vortices is the use 


' In a slice with a roll of 8 in. diam, and a length of 
2 ft. at a velocity of 1200 ft. per sec., the colored stream 
coming from 1 ft. after roll was quite straight with 
_ water, but with 0.7% groundwood the amplitude was 
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RATIO DEPTH 


R/p Vp 


| 
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UNIFORM WIOTH 


A-98-SL 207 


Fig. 7. Bends 


> about 11/2 in., due to the boiling flow behind the roll 
} which was 46% open (10). 

A roll being 52% open gave better results. In 
these tests the colored stream for detection of turbulence 
> was introduced by a jet with constant rate of delivery. 
) The flow below the surface was investigated using a 
» lucite pipe with a mirror on the bottom. The flow below 
| the surface was as described above for surface conditions. 


Whirls 
Free Vortices. When the stock surface is 3 ft. or less 
_ above the slice as occurs in old baffle boxes or high 
| pressure boxes with air dome, the approach flow to a 
vertical wall must be very even, otherwise vortices will 
be generated (Fig. 5). A velocity difference of 30 to 33 
em. per sec. will give to a vertical wall a pressure differ- 
ence of 1 mm. water column, which generates a second- 
ary flowing velocity of 14cm. per sec. When this forms 
a vortex with a radius of r = 2.5 em., which can be di- 
minished to 0.1 cm., when escaping through the slice, a 
vacuum of about 12.0 cm. water gage is created. Even 
_ when two thirds is lost as resistance, the remaining 4 cm. 
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of electronic pitot tubes with continuous recording as 
reported in the discussion of this paper by Mardon. 
These whirls show as occasional very large pressure 
fluctuations. 

A remedy is tilting the frontwall according to Fig. 5C. 
Now the secondary energy is diminished to H, = Ha, 
cos a tg a/2, though there is a minimum at a = 45° (171). 
At a = 60° the secondary energy is diminished to 50%. 
These vortices may be recognized by their shifting 
along the slice. 

Fixed Vortices. A vortex is fixed when about 180° 
of its circumference is a fixed wall or stream. The 
danger of these whirls is that under pressure their 
diameter becomes smaller and so at the place of higher 
pressure there will be a wider passage (Fig. 6A). 

With a passage of 40 em. width, after the baffle, of a 
baffle flowbox (Fig. 6A) and with a vortex after the 
baffle in that passage of 5 cm. radius, a change of pres- 
sure of as little as 1 mm. water gage can cause a disturb- 
ance due to compression of the vortex cylinder by 
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Fig. 8. Flow rate deviation of distributing pipes 


changing the centrifugal components of its pressure, 
and thus causing a higher flow rate at that point, which 
in turn causes cross flow of stock, Therefore it is nec- 
essary to avoid fixed whirls as there are behind baffles, 
in bends, at tee pipes, etc. (Fig. 6B). 

By a good construction of rectangular ducts with 
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rounded corners with 7 = 1.5 em. at least, this prac- 
ticable as shown in Fig. 6C. 


Change of Direction for Flowing Stock 


The mass forces dominate here, so for our stock flow 
we may take the water flow, provided the laminar- or 
boiling flow system does not have additive effects. 

Bends. Bends are known as good mixers due to the 
two screw streams after these bends (Fig. 7A) (/2). 
This, however, occurs only with round or nearly square 
bends. We have often very broad bends and there we 
do not have screw streams and mixing occurs according 
to the investigations of Nippert (73) (Fig. 7B). 

To prevent the stream following the outside of the 
bend, all of the bends with short inner radius should be 
venturi bends according to Fig. 7C, as Busey (/4) has 
given for air but which is also true for water and stock. 
An economical result is that for round and square 
pipes the resistance is much lower than that of a normal 
bend (10 to 40%). 

Tee Pipes. These may be considered as double 
bends, and all that has been said for double bends is 
also applicable here. 

Branch Pipes. When constructed in such a way that 


CROSSSPREADER 
FLOW FROM ONE SIDE 


CROSSSPREADER 
FLOW FROM BOTH SIDES 
STABLE FLOW 


Fig. 9. Cross spreader 


there are free or fixed vortices, the branch pipes will 
give trouble to the machine tender by accumulating 
fiber debris or slime on places where the flow velocity 
near a wall is low. 
AN “| ~ S i 
1ese branch pipes may be calculated as for water and 
still better tested by a model test. The influence of the 
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stock on the flow is very small. The results are shown 
in Fig. 8 for a pipe with the approach pipe in the same 
plane as the branches and perpendicular to these. It is 
shown in the figure that the last one is not so stable as 
the first (18). 

It is necessary to mention that the velocity distribu- 


LEFT 1 RIGHT 


APPROACH APPROACH 


VP 76391 WHIRLCHAMBER 


Fig. 10. Cross distributing systems and energy dissipatior 


tion in the branches is not equal, so the resistance ot 
following bends will be different. 

The pipes can be constructed as square pipes, pro- 
vided the corners have a radius of at least 15 mm. tc 
prevent thick water boundaries there, which are idea: 
places for slime to live in. 

Cross Spreading. In contradiction to the branck 
pipe this is a continuous approach. It is not so easy tc 
calculate the dimensions of such a pipe so that it wil 
give a constant flow rate per unit width. This is due tc 
the fact that the flow velocity in the upward canal i: 
usually 21/. times the velocity in the cross pipes. 

The result of one pipe is a flow pattern according te 
Fig. 9A. With both pipes and holes at the end of the 
pipes for pressure escaping, it is possible to get a rather 
even flow rate with the maximum in the middle. 

These measurements were made by a visual techniqu 
using a dimensionally correct model at the same Froud 
number as the full-scale plant. The model was founc 
to accurately represent the full-scale equipment. By 
giving the bottoms of the pipes a slope, the cleaning uj 
is made much easier. 

The flow in the throat has, due to the diverging flov 
directions, a very strong turbulence which will diminisl 
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during the upward flow in the widening canal. Evener 
rolls are still necessary, as the flow per unit is still not 
sufficiently equal to place a slice directly after the 
cross spreader. 

To obtain a more equal flow rate, it is advisable to 
let the cross pipes not run in the direction of the upward 


11A 


FLOWPRESSUREPOINTS OF BAFFLEBOXES 


Fig. 11. Flow pressure points of baffle flowboxes 


canal, but perpendicular to it, so that all jet energy is 
lost and a rather even flow goes upward through a much 
wider upward canal. 

Flow Spreading. In contrast to cross spreading, with 
flow spreading there is the problem of the flow coming 
from one point, broadening to a jet of machine width. 

The simplest way would be to have a flat pipe be- 
ginning round as screen mouth or pipe mouth and 
broadening to the slice jet. The greatest difficulty will 
be then that near the slice the jet is not parallel to the 
machinedirection, which will give difficulties on the outer 
parts of the wire. Moreover the wall distance will 
become too small to make corrections. The resulting 
construction will be difficult to clean. So folding up is 
possible, open or closed, but for a good construction the 
bends must be venturi bends and the straight parts must 
be widened to gain distance between the walls. When 
this is done, the stream is more stable and with well- 
rounded corners there will be not much to clean. Most 
of the broadening must be done in the first part, so that 
the side walls are nearly parallel to the machine direc- 
tion at the ends. Distributing rolls can do the rest. 
A result of an open flow spreader is shown in Fig. 8B. 
Flow spreading occurs also in a normal baffle box from 
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one or more screen mouths to the width of the machine. 

As the flowing direction is not parallel to the machine 
direction, there will be pressure maxima and minima on 
the surface from where the stock is flowing to the sides. 
Under the first baffle, the maxima are lying at the sides, 
at the surface after the bafHe, in the middle again and 
So on. 

As we have the pressure maximum on the slice surface 
in the middle, there will be a tendency to flow off 
to the sides and, by the secondary velocities, vortices 
may be generated in the corners near the sides where 
they do not give much harm. 

In the case of two screens, the situation will be just 
the contrary, and there will be a minimum pressure at 
the surface in the middle of the slice. The stock has a 
tendency to flow from the slice to the middle and form 
vortices there. This makes a flowbox with one screen 
more stable than a flowbox with two or more screens, 
provided the streams from the screens are not brought 
together first before going downward under the baffle. 
That combining canal may be formed so that the pres- 
sure maximum will be in the middle of the approach 
flume, as can be seen in Fig. 11C. 


Screen Plates and Screen Rolls 


When we have to produce a turbulence, or we must 


STREAMLINES THROUGH THE HOLEYy ROLL 


Fig. 12. Streamlines through a holey roll 

reduce it, and also when we have to even out velocity 
variations, we may used screen plates or screen rolls. 
A roll is the same as a double screen plate, though the 
flowing direction behind the roll is quite different, for 
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due to the spreading flow direction, we will get a strong which is less than 50% open generates uncontrolled 


flow along the walls, so that it is possible to have a combinations of the outflowing jets of the roll. There 
rather big angle between the walls, before the flows will fore the last roll in the slice should be at least 52% 
not follow them as stated under “distributing rolls.” open. When the resistance and velocity equalizing j 
Especially at the critical angles of 14?/; and 32°, we get rather low, we can take sometimes more rolls. The max 
a rather even velocity distribution. With smaller imum number the author has seen is six! 


angles we will get a velocity minimum in the middle, 
so that a turbulence of high energy is generated as 
stated under “free canals.’ This is especially the case 
when there is a boiling flow system after the roll (see _ 
Heller curves)(Fig. 2). To have the best result, a 
roll must be as near as possible to the wall, say 1/3 in. 
The difficulty then is that the direction of approach to 
the side holes is only about 30°, so that the fibers may 
be caught by the “thickness” of the roll. Therefore it 
is much better to have a */s-in. strip on the wall, as is 
shown in Fig. 12B, by which the angle can be changed 
into 70°. In this way there is also not so much danger 
for fiber catching. Moreover it is possible to make the 
clearance between roll and strip quite equal over the 
whole length, even when the box is made of welded 
sheet. This is done by changing the height of the strip. 
The possibility of producing or reducing the turbu- i ary as 
lence is due to the percentage of free openings in the roll. 
Baines and Peterson (/7) have made interesting investi- ee 
gations for airflow, but in their investigations they had 
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t Fig. 14. Flow stretchers 


Regarding the distance of the rolls, we must choose 
at least the length of the field necessary to generate the 

<---> maximum intensity of the turbulence, which according 
eae to Baines and Peterson, Fig. 10, is for: 


VARIABLE RESISTANCE 


DIY QOS sso 56 0565 8-10 dam width (between the holes) 
== DOM G10 Deane 12-15 dam width 


The distance of the rolls need not be much longer, foi 
secondary streams may be generated by uneven ap- 
proach flow. The resistance of a roll may be calculated 
as a double screen with water, without much failure. 
when we use the data for orifice plates according to DIN 


no. 1952 of Germany. The contraction factor is for 2 
roll with: | 


FLOWBOXES with 
VARIABLE BAFFLES 


i} 


"el 


NGLAN m open = 35 = 546 
Pee FIG.13 soe 2 et 
Fig. 13. Flowboxes with variable baffles 50 0.606 
55 0.717 
big mass forces and low viscosity, so that the results So that the resistance of the roll will be: 
correlate very well for stock flow in this case. 2G 
The result is also, as Rouse as ste ap! op ae St AEN IS 
s also, as Rouse (/8) has stated, that a roll PD 
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flow rate in kilograms per second 

diameter of the roll in meters 

ength of the roll in meters 

ressure difference of the roll in kilograms per square 
meter or millimeters water column 
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The resistance of two rolls in a tapered slice was cal- 
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Fig. 15. 


culated as 74.5 mm. water gage, the real resistance was 
80 mm. water gage including the slice, so that the ac- 
curacy is sufficient. This resistance is right for a paral- 
lel canal, in other cases the influence of the canal must 
be calculated also. When we have, e.g., a baffle slice, 
Fig. 15A, according to DP 817680 (19), the resistance 
of two rolls of 200 mm. diam. with m open = 46% is 
practically zero, due to the more economical approach 
of the stock to the slice with rolls than without them. 


The Slice 

For high velocity it is advisable, to get a good flat jet 
from the slice, to use two evener rolls: no. 1 about 40% 
open to give the stock a high turbulence, and no. 2, about 
52% open to equalize uncontrolled streams. 

Distance of the roll shells from each other should be 
12 to 15 times the dam width. Care should be taken 
that the supporting bearings are as small as possible to 
give no disturbance in the jet near the deckle strips. 
The shell must be drilled as far as possible to the ends 
to prevent retardation there, which will give the jet an 
outside flow direction. 

The length of the slice must not be too short, for 


November 1954 Vol. 37, No. 11 


otherwise the macroturbulence of the roll will exist in 
the jet and only microturbulence is wanted. On the 
other side the slice cannot be too long, otherwise the 
angle between the plates becomes too small and we shall 
miss the stabilizing effect of the tapered slice while 
flocculation may occur. A practical length in Europe 
ise 


Dal Oe eA Mie 
L= 125 " 736 feet 
where 
L = length from roll shell to slice end 
V = machine velocity meters per minute or feet per minute 
d = dam width between the holes in the last roll in meters or 


feet 


This means that for a slice and perforated roll with or 
without air dome a critical speed will exist, beyond 
which an unstable jet will result. This gives good re- 
sults with the long slice. With the vertical baffle wall 
there is the danger of getting a more unstable jet, as the 
distance from roll to slice is only 0.8 roll diameter. 
With two rolls 0.2 m. diam., 46% open, the distance L 
was 0.16 m. and the maximum velocity should there be 
160m. permin. At 200 m. per min. the jet was unstable 
(20) as could be seen by means of a stroboscope: 
drops flying from the tops of the waves. 
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Fig. 16. Flowbox with manifold and air cushion 


The direction of turning is not important. When a 
stock particle approaches the roll, it does not matter 
whether the hole approaches from the top or the bottom. 
The turning is only valuable for self cleaning. 
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Turning with a velocity of 0 to 200 r.p.m. and 100 
mm. diam. made no difference on high grade bleached 
sulphite 40 S.-R., with 0 to 18 r.p.m. and 200 mm. 
diam. on newsprint either. Mostly 10 m. per min. is a 
good circumference velocity (20). 


A REVIEW OF FLOWBOXES AND SLICES 


We have been speaking about the principles used in 
design work, and in this section we will consider various 
designs with reference to some of the principles pre- 
viously mentioned. 


Baffle Boxes 


In Fig. 11 we can see: (1) the oscillating possibility 
of the many water surfaces (/), (2) the whirls behind 
the baffles, which have been filled up here ‘‘fixed vor- 
tices’; (3) the dangers of the flow pressure points 
“flow spreading.”’ 

A rather new system is that the stock coming from an 
equally distributing branch pipe may pass along a 
movable baffle which gives an extra resistance of more 
than 2 ft. water gage (see Fig. 13A). An overflow 
gives a constant level on the approach side, but with the 
difficulty that variations in flow rate are brought to 
another point of the system, where they may do harm. 
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Fig. 17. Flowbox with double air dome 


In the upper part will be a boiling flow ‘flow systems” 
generated by the turnable baffles, so the holey roll 
“sereen plates and screen rolls’? has the task to correct 
this, which seems to happen at 300 m. per sec. very well. 
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The clogging of the upper baffle at lower speeds may 
give difficulties. 

In Fig. 13B the details from Fig. 13A are used in a bo: 
with airdome, which may give the same result. 

In Fig. 14A we see the flow spreader as an open con 
struction. The same points, mentioned above, ar¢ 
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Fig. 18. Flow distributing pipes 
Fig. 19. Flowbox with frozen flow 


applicable here: oscillation, vortices, pressure points’ 
and boiling flow. For the pressure points a correctio1 
is possible by changing the canal width as Fig. 8B has 
shown. 


Airdome Boxes 


In Fig. 15 we see the airdome boxes. In Fig. 15A ail 
even distribution from the crosspipe will be very difficul! 
to get without a high flow rate near the sidewalls, as 
there does not seem to be a connection between the enc 
of one canal and the beginning of the other, to allow the 
remaining flowrate at the end to bleed off to the begin- 
ning of the other. The vertical wall will give the pos 
sibility of generation of vortices. These vortices ard 
dangerous with low stock height over the last. distrib: 
utor roll. The distance of the last distributor rolls uy 
to the slice is even under the best conditions to small tc 
give a smooth flow onto the wire at high velocities 
(see “the slice’). 

In Fig. 15B much attention has been paid to this las' 
point so that the stock may lay very flat on the wire. 

Figure 16 gives a construction for a smaller machine 
A floating valve provides a nearly constant level in the 
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screen so that a flow rate change is brought direct to the 
flowbox. 

The flow energy of the distributing branches is dis- 
sipated in a whirl chamber and from there the flow goes 
through two distributing rolls to the upper part, 
through which the narrowing flow is very stable and the 


FOAMOUTLET 


V>0.4 M/SEC. 


FULL CLOSED 
FLOWBOXES 


Fig. 20. Full closed flowboxes 


result will be a newsprint sheet of 50 grams per sq. m, 
basis weight with 0.5% deviation. 

Figure 17 is a design with the pressure chamber at the 
bottom and a scum outlet at the top. If the latter one 
is also filled with scum (air), an oscillating system is 
possible here due to the short circuit with low resistance. 
The result of the distributing pipe is so that turning 
evener plates is necessary. Fortunately a distributing 
roll is following to distort the streaks formed by the 
evener plates. The whole construction gives one the 
idea that it is unnecessarily complicated. 

Figure 18 shows a distributor pipe (see Branch 
Pipes). After this pipe a broad canal is projected to 
the slice. The danger of the left side is, that with 
variable flow rate, a variable flow distribution occurs af- 
ter every dividing point, due to the difference in flow 
pattern in the preceding bends, at different flow rates. 
The bigger the flow rate is, the more the flow will go to 
the outside. On the right side of the sketch the same 
construction is given, but with contrabends, so that a 
constant distribution for a wide flow range is obtained. 

-In Fig. 19 a flowbox is shown for giving a ‘frozen flow.”’ 
This means that a velocity of 2 to 3 in. per see. or less 
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must be used to prevent boiling flow. Therefore the 
paper stock may not contain clay, etc., as this will settle 
down at the bottom. A narrowing canal will give a 
stable flow without this objection. Here stave rolls are 
used instead of holey rolls. It is right that these rolls 
give a turbulence with less energy. On the other side 
they don’t give any correction in side direction and 
vortices will flow easier through them. When holey 
rolls with an opening percentage of more than 50% are 
used at sufficient distance from the slice, we will get a 
better result. This figure, it is learned, is not in exact 
accord with the boxes in use, and readers are referred to 
the relevant Canadian patent. 


Closed Boxes 


In Fig. 20 there are two constructions which are 
nearly the same. In the upper one a simple manifold is 
corrected with valves and the energy of the stream 
dissipated in a whirl chamber. The many holey rolls are 
necessary to make an even flow and to make the stock 
turbulent. Especially near the top this is necessary 
to avoid foam at the ceiling for the defoaming pipes are 
not able to take the foam totally away. 

In Fig. 20B is the same construction, but now the 
machine tender has no valves with which to play. The 
number of evener rolls is reduced to four, since the flow 
velocity is so high that the boiling flow is avoided. The 
top plate of the nozzle is more upward than in A, so 
foam will more easily flow off. If the approach flow 
rate is very stable, this is the simplest flowbox you can 
have. 

When holey rolls with strips along the walls, as in 
Fig. 12, are used, it is very well possible to make the 
box in plate with good corners and reinforced, es- 
pecially where the rolls are inserted. 
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Model Experiments of Sheet Formation on the Cylinder 
Wire 


BORJE STEENBERG, JAN BERGSTROM, and R. I. KJENSJORD 


Sheets have been made on the wire of a stationary probe 
with the stock flowing past the wire. The stock velocity 
and freeness, consistency and making head were varied 
and the influence of these papermaking variables on the 
drainage and sheetmaking rates and on the sheet proper- 
ties have been studied. The drainage rate is determined 
by a specific drainage resistance of the sheet formed, and 
a simple method for estimating this resistance is given. 
A considerable washing off effect is demonstrated, causing 
a deviation from proportionality between basis weight 
and drained volume of water. This effect is pronounced 
at low stock freeness and low making head. A fiber frac- 
tionation takes place as the sheet is being formed, and the 
higher the rate of flow of stock relative to the wire, the 
lower is the average fiber length and bulk of the sheet. 
Thus, the consistency and freeness of the stock in the vat 
increases with the distance from the inlet, and an overflow 
is necessary in direct-flow vats. In a counterflow vat a 
steady state is reached without such arrangement. The 
possibility of influencing the sheet properties by varying 
the making head during the formation process is men- 
tioned. 


THERE is only meager information available about 
the fundamentals of sheet formation on the wire of a 
cylinder paper machine. 

A mathematical analysis of the problem by Ishihara 
(1) is based on a modification of Poiseuille’slaw. In his 
treatment the relative motion between the stock in the 
vat and the wire is not considered. It is assumed that 
the stock concentration is constant throughout the vat 
and the basis weight of the sheet is assumed to be di- 
rectly proportional to the drained volume of water. 
Although good agreement between measured and pre- 
dicted basis weights is reported, the value of the treat- 
ment may be questioned, because of the approximations 
mentioned above. 

Tolskij (2) has given an equation for the rate of drain- 
age along the wire, but has made an obvious slip in the 
application of the Poiseuille and Bernouille laws. 
No experimental evidence supporting the theory is 
reported. 

Hormann (3) discusses the general characteristics 
of cylinder machine formation in a qualitative way, 
making the assumption that the basis weight increases 
in proportion to the volume of water drained through 
the wire. 

Gough (4) expresses a firmly stated opinion that at 
small heads a very appreciable amount of the fibers 
deposited on the wire is frequently washed off and quotes 
inform®tion given in Goldsmith’s paper in 1938 (5). 

Recently Goldsmith and co-workers (6) have con- 
sidered the existence of a washing-off effect as a matter 
of conjecture. 

Because of the difficulty of making actual observa- 
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tions and experiments on a vat machine, model experi 
ments should be of special value. Such experiments 
have recently been described by Payne and Guthrie 
(7). The technique employed in their investigation} 
does not, however, allow a study of the effect of the} 
relative speed between stock and wire on the sheetmak- 
ing process and on the properties of the sheet formed. 

The model experiments to be described rest on the 
following basic ideas. 

Different constant making heads should be employed | 
The zones of increasing the decreasing head were con-+ 
sidered to be of secondary interest and were not thei 
subject of the study. | 

The relative motion of the wire and the stock ce 


be controllable within the range of general practical] 
interest. This was to be accomplished by having 
stationary wire and the stock flowing past the wire | 

The sheet was to be formed on a wire placed hori- 
zontally, with the formation proceeding from below. | 

The sheet formation should take place from a sus) 
pension so large in volume that there was no measurabl« 
change in its consistency during the formation of «4 
few sheets. 

The rate of substance increase and the corresponding 
volumes of drained water should be measurable as we! 
as the maximum number of physical and mechanice} 
properties of the produced sheet. 

The essential part of the employed apparatus} 
the probe (Fig. 1), was designed after some experimen 
tation. It is essentially an inverted small sheet ma} 
chine. The dimensions of the probe (see Fig. 1) were 
chosen small in order to obtain uniform sheet formation} 
and still to allow sufficiently accurate determination 07 
sheet properties. The probe was fitted with a 100! 
mesh wire and had a rubber tube, acting as a siphon} 
connected to it. 

The probe was developed during preliminary experi! 
ments on sheet formation by dipping it, filled wit 
water, into a beaker with a stock suspension slightly 
stirred to prevent sedimentation. By changing th 
position of the siphon’s lower end in relation to th 
liquid level in the beaker different making heads were 
obtained. | 

In order to be able to make sufficiently accurat 
measurements of volume and time during the sheet 
forming process even at large heads, the cross-section 
area of the siphon (A,) was chosen much smaller thai 
the area of the wire (Ao). Thus, at a given head / 
and with pure water in the system the rate of flov 
through the wire of the probe will be g = (Ai/Ao) > 
V 2gh, i.e., Ao/ Aj, times lower than in a cylinder machin 
at the same making head. In the first approximatior 
therefore, the forming process on the probe would b‘ 
Ao/A, times slower than on a cylinder machine, othe 


Vol. 37, No. 11 November 1954 TAPE 


conditions being the same. 
reported Aj/A, = 78. 

Due to the low rates of drainage and sheet build-up 
in the model experiments, the sheets formed will have 
a more closed structure than sheets formed on a cylinder 
wire from the same stock employing the same making 


In the experiments to be 
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AREA, 10 SQ. CM. 


Fig. 1. Probe 


head. A direct comparison of properties of probe 
sheets and machine-made sheets should be avoided. 
Nevertheless, the effects of varying sheetmaking con- 
ditions as found in the model experiments is thought 
to reflect corresponding effects in machine operation. 

In the main experiments the probe was attached to 
to the stock system as shown in Fig. 2. The stock 
was drawn from a chest by a small centrifugal pump 
driven by a variable speed motor through a flow 
spreader into a box made of Lucite. The top of this 
box was horizontal, the bottom sloping upward. ‘The 
end of the box was open and the stock returned to the 
chest. In the top of the box the probe could be placed 
in several positions with the wire flush with the inside 
of the box top. Pressure tubes allowed determination 
of the static pressure and the velocity of the flow in all 
possible positions of the probe. Before starting an 
experiment, the probe and its attached rubber tube 
were filled with water. The making head was deter- 
mined by the difference in height of the wire and the 
free end of the siphon plus the static pressure, as meas- 
ured by a pressure tube at right angles to the flow. 

In a cylinder machine the true making head is the 
difference in level between the stock in the vat and the 
white water inside the cylinder, subtracted by 1/2g X 
[stock velocity in vat]?, where g is acceleration due to 
gravity. 

The reported experiments were carried out with 
unbleached sulphite pulp at 18 to 68° S.-R. The 
stock consistency was varied between 0.34 and 3.4 
grams per liter, the effective pressure between 30 and 
200 mm. water column, and the velocity of flow between 
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0.05 and 0.5 meter per sec. Symbols are explained in 
Table I. 


Table I 


Experiment number 


v = Stock velocity past wire, meters per second 

h = Effective head, millimeters water 

t = Drainage time, seconds 

Q = Volume of filtrate per unit area 

W = Basis weight (moisture-free) grams per square meter 
¢ = Stock consistency, grams per liter 

D = Sheet density, grams per cubic centimeter 

G = Porosity, Gurley, seconds per 100 ml. 

BM = Breaking length, machine direction, meters 

BC = Breaking length, cross direction, meters 


The experimental results can be plotted in a great 
number of different ways, and it has been thought of 
value for further discussions to publish them in full. 
Table II contains the results of the first part of the in- 
vestigation in which only drainage and sheetmaking 
rates were studied under different conditions. The 
second part of the investigation also included studies of 
the physical and mechanical properties of the sheets 
formed on the probe under different conditions. These 
results are reported in Table III. 

In the following, the results will be discussed with the 
aid of generalized curves. An attempt has also been 
made to establish a mathematical expression for 
drainage-time curves as recorded in the probe experi- 
ments. 


DRAINAGE AND SHEET FORMATION AS FUNCTIONS 
OF SHEETMAKING VARIABLES 


Although the rate of drainage of pure water through 
the wire is constant, the rate of drainage of stock, at 
the start identical with that of pure water, will decrease 
with time. 

As soon as the sheet starts to build up there is a pres- 
sure drop across the sheet and the rate of drainage will 
decrease. 

During the preliminary static experiments it was 
possible to verify the validity of the usual filtration 
equation (1) in this sheetforming process: 


, dQ 
AP = Rn W — 1 
i: (1) 
In this equation, which is based on a simplification of 
Poiseuille’s law, AP is the pressure drop across a sheet 
of basis weight W when the rate of flow per unit area 


is dQ/dt, and R is the specific resistance to flow of 


PRESSURE TUBE 


= PROBE SIPHON 
FLOW SPREADER FLOW BOX ' 


STOCK CHEST 


GRADUATED CYLINDER 


Experimental setup for model experiments 


the filter bed. The viscosity of the liquid is 7. With 
a pressure drop AP over the sheet a making head of 
h will give a rate of flow through the sheet: 


dQ A — : 
di 7 A, V 20h — AP/og) (2) 


where p denotes the density of the liquid. 


Table II. 


Summary of Sheetmaking Conditions 


Unbleached sulphite 


7 “x h t Q W 
A. 18°S.R., ¢ = 0.53 Gram per Liter 
1 Ons 30 1 5 eo 
30 25 10 
30 73 20 24.5 
2 0.3 60 7 5 An! 
60 23 15 33 
60 61.5 30 51 
3 073 120 8 10 28 
120 25 25 64.5 
120 55 40 83 
4 Ol 60 7 5 Me 
60 21 15 49.5 
60 49 30 102 
5 0.1 120 4 5 ie 
120 13 15 62.5 
120 32 30 125 
6 0.1 200 6 10 47 
200 eo 20 Bic 
200 2155 30 135 
ag 0.0385 60 12 10 ae 
60 27 20 
60 47 30 
60 Tale 40 
B. 68°S.R., ¢ = 0.42 Gram per Liter 
8 0.3 30 5 Mini 
30 15 5 
30 66.5 an 
30 i10 10 5 
9 0.3 60 a 5 P25) 
60 16.5 7.5 
60 58.5 10 18 
60 152 1205 18.5 
10 0.3 120 5 5) 
120 9 7.9 a 
120 22 10 25 
17 0.3 200 3 5 
200 5 7.9 ae 
200 10 10 28.5 
12 Om 30 5 Qo wer 
3 12 5 1D} 355 
30 21.5 od a 
30 43.5 10 25 
13 OR 60 3 220 ih: 
60 7 5 16 
60 2 10 30 
60 68 15 40 
14 0.1 120 2 2.5 oot: 
120 4.5 5 17 
120 12 10 39 
120 33 15 45 
15 0.1 200 1.5 2S 
200 6 7 26 
200 10 10 
200 26.5 15 47.5 
200 92 2255 62 
16 0.05 60 6.5 3 
60 18.5 10 Zeno 
60 43 15 39 
C. 68°S8.R., ¢ = 1.38 Grams per Liter 
17 0.3 60 4.5 29 14.5 
60 23 4 20 
60 47 D ee 
60 164 6.5 22 
18 0.3 200 2 2.5 
200 10 5 PASS) 
200 63.5 ene Bas 
200 182 10 39 
19 Ong 60 a 25 22 
6O 15.5 5 BS 
60 65 AD ‘ 
60 180 10 45 
20 0.1 200 ro eo 4 
200 4 ii 50.5 
200 16.5 le 
200 Ol 10 70 
200 I-44 15 is 
D. 68° 8.R.,¢ = 2.3 Grams per Liter 
21 ORS 30 8.5 Oey 
30 50 1.5 
30 125 Y 


Darks 200 1.4 127 25 
° 200 3.5 oy) 29 
200 30 4 a 
200 136 5.5 35.5 
33) 4088 60 1.5 1 18.5 
60 5 2 2M 
60 13.5 2.5 20 
60 73 4 25 
4 0.3 200 1e7 2 By 
200 5 3 ie 
200 4 4 46 
200 73 6 re 
200 138 7 49.5 
ase OY 30 3 1 i. 
3 6.5 1.5 9.5 
30 20.5 2.5 12.5 
30 96 4 xa 
30 208 5 17.5 
2% 0.2 200 2.5 2.5 40.5 
200 19 5 53 
200 54 7 ag 
200 92 8 57 
oF 0a 3 3 1 S 
30 7.5 2 16 
30 21.5 3.5 21 
30 59 5 ss 
30 ~=—-:108 6.2 25 
9 0.1 60 4 2 33.5 
60 13.5 4 oY 
60 24 5 44 
60 65 7 » | 
60-153 9 49 
29° 1 0n 200 2.5 2.5 47 
200 7.5 4 2%, 
200 13 5 59.5 
200 43.5 8 aS 
200 84.5 10 74 
30 0.05 30 3.5 L = 
30 21.5 3.5 20.5 | 
30 78.5 5.2 24 
31 -0..05 200 2 2.5 51.5 | 
200 10 5 80 
200 OH) 8 ae 
200 Pili gk) 101 


At the start of the sheet formation process the sub 
stance of the sheet increases in proportion to the draine¢ 
quantity of water at a rate determined by the fibe} 
content of the stock. Assuming that, on drainage, al 
fibers are deposited on the wire the following relatior 
exists between basis weight and drained volume: 


W-= cQ (3) 


where c denotes the stock consistency. After substitu: 
tion of equations (1) and (3) in equation (2) the latte: 
is easily integrated when h and R are constant. The 
volume-time relation can be written 


Aan ee uteri sss 
2a i V 2gh-t = aQ(aQ + V1 + wQ?) + 
log (aQ + Vi + we?) (4) | 


= Ay 4 Rue (5) 1 
Ao prv/2 gh 4 


When formation has continued for some time, the 
sheet substance does not increase in proportion to thé 
quantity of drained water and equation (3) is not vali 
during the latter part of the sheetforming process' 
This was confirmed at all rates of flow of stock and was 
found even in stationary experiments (no flow of stoc 
past the wire). Nevertheless, the experimental re 
sults, Fig. 3, show that the total drainage resistance 
AP/(ndQ/dt), increases in the same way as if equatiol 
(3) was generally applicable. This seems to be th 
case as long as there is still noticeable increase in basil 
weight. (When there is no further deposition of fiber 
the drainage characteristics are of less interest.) 


a 


— 
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Table Ill. Summary of Sheetmaking Conditions and Sheet Properties 
Unbleached sulphite, 40° S.R. 


n v h t Q Ww D G BM BC 


A. c¢ = 0.34 Gram per Liter 


32 0.05 30 132.0 25 45 0.49 31 7260 
33 0.05 60 25.0 15 39 0.44 Sn 6050 
34 0.05 120 8.4 10 26 0.48 1.8 
120 6 15 38 0.46 Had 6620 
35 0.05 200 6.1 10 28 0.41 2.0 
200 10.2 15 40 0.47 6.8 6050 
200 14.9 20 53 0.47 12 aaah 
200 22.2 25 68 0.49 16 sae 3330 
200 51.5 40 94 0.46 43 toh 3480 
36 Ol 60 27.0 15 39 0.51 (eo 6710 
60 65.7 25 57 0.49 25 7930 
37 0.1 120 NS Pe 15 46 0.49 6.0 sede 2850 
120 36.3 25 69 0x52 26 8000 
38 0.1 200 6.4 10 32 0.46 3.8 ae (1050) 
200 10.6 15 48 0.48 7.8 6270 
200 16.3 20 60 0.49 12 6560 
200 23.6 25 67 0.51 18 Wa? 3220 
39 0.3 60 152.3 18. 20 0.61 122 
40 0.3 120 9.3 16 22 0.48 5.9 
120 36.2 20 34 0.55 66 4530 
41 ORS: 200 352 5 15 0.39 1 
200 6.5 10 27 0.44 5.4 yf 1760 
200 11.6 15 37 0.48 12 
200 39.6 25 49 0.59 80 6380 
200 91.4 30 53 0.63 301 AS 2520 
42 0.5 200 2.9 5 12 0.38 
200 GEG 10 20 0.48 3.4 3600 
200 47.1 220) 29 0.63 67 ae 1680 
B. c¢ = 1.4 Grams per Liter 
43 0.1 200 vou Deo) 34 0.52 ih! ee 2950 
200 3.8 5 63 0.52 20 a 3420 
200 6.5 C25 
200 10.1 10 86 0.53 42 6920 
200 23.8 15 122 0.53 74 8370 
44 0.3 200 1.8 2.5 36 0.50 17 aE: 2780 
200 4.2 a 52 0.54 44 6580 
200 9.4 Cis 58 0.56 81 8140 
200 22.8 10 62 0.63 325 ~ 3400 
200 132.8 14.5 73 0.68 3600 7800 
45 0.5 200 4.5 5 38 0.59 53 nN: 2630 
200 14.5 7.5 438 0.66 116 mnie 2690 
200 68.8 10 50 Oval 1320 6670 
C. ec = 3.2 Grams per Liter 
46 0.1 200 lise 2.3 53 0.49 13 ee 3050 
200 1.4 2.4 55 0.56 18 wee 3420 
200 3.4 3.9 120 0.51 4] 4000 
200 S. H 5.0 134 0.49 56 
200 10). 6.9 159 0.49 87 4840 
47 0.2 200 Its 2) 49 0.47 15 7130 
200 O20 3.0 83 0.53 39 4150. 
200 6.5 A) 100 0.55 15) 
200 10.5 6.1 101 0.54 120 7140 
200 20.5 8.0 118 0.538 196 JH}: 4170 
200 44.5 10.0 114 0.59 894 aoe 4230 
{Ss Ch ae5 200 1.9 2.4 57 0.46 26 : 3780 
200 4.4 4.1 72 Ono 60 7460 
200 10.6 Du6 78 0.57 184 8400 
200 30.5 Hoe 80 0.56 720 sete 3580 
200 60.4 §.2 88 0.59 1800 8000 
200 102.6 9.0 83 0.59 2990 Bah 4450 
D. ¢ = 3.4 Grams per Liter 
49 Oe 200 Bye 2 on LOT 0.58 59 5100 
200 4.1 3.9 128 0.50 S| a a 3950 
200 4.9 2155) 110 O57 74 Tan 3920 
200 leas 5.2 169 0.49 103 5600 
200 LO, 6.4 162 OFDS 142 nee 4300 
200 Loe fheal 157 0.52 150 4000 
50 0.3 200) 2.4 2% 59) 0.50 22 9240) 
200 2.8 2.8 61 0.54 | aie 3840 
200 3.4 oP 66 0.54 31 
200 4.3 a AD, To Okos 53 7760 
200 5.2 3.6 69 0.56 111 
200 7.6 4.7 82 (U)iga}3) 87 7900 
200 10.5 ‘yell 82 0.59 L9O7 ; 3970 
51 0.5 200 2:8 2.5 48 0.55 30 
200 eS Bal 50 0.59 80 3280) 
200 ops) Deo 52 0.65 ey 5600 
200 7.9 4.0 a7 0.64 19] a 3350 
) 4.4 oT 0.58 195 6680 
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Fig. 3. Drainage volume against time during sheet 


formation. Q-curve theoretical, circles measured values. 
Q2-curve drawn from calculated points, marked with 
crosses, in order to calculate spec. drainage resistance (kx) 


The increase in total drainage resistance not accom- 
panied by a substantial increase in substance may be 
explained by a closing of the pore structure by addition, 
or rearrangement of fiber fragments. 

The specific drainage resistance R can be determined 
in a very simple way from an experimental volume-time 
relationship by plotting the Q? — t curve, which becomes 
a straight line when aQ>1. The slope K of the straight 
part of that curve is approximately 


h - 
igo Re LE (6) 


In this expression F is the only unknown quantity. 

In static experiments the volume-time relationships 
are in accordance with the theory derived on the basis 
of a constant specific drainage resistance. With the 
stock flowing past the wire the same accordance is 
generally found during the major part of the sheet- 
forming period. At higher stock velocities, the specific 


= 100 
o 
” 
SS 
oO 
be 
© 
a 50 
= 40° S.-R. 
72) Cu—s0; 54508), 
o h = 200 mm. 
< v = 0.05 m./sec. 
mM 

0 — = - 

0) 0.1 0.2 0.3 0.4 O35 
VOLUME , CU.M./SQ.M. 

Fig. 4. Sheet formation on probe. Basis weight as 


function of drainage volume.—Same experiment as in 
Fig. 3 
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resistance usually increases slightly toward the end of 
the formation process. In Fig. 3 is shown an example 
of a drainage volume-time diagram obtained with a 
stock velocity of v = 0.05 meter per sec. From the 
slope of the straight part of the Q? — ¢ curve the drain- 
age resistance & is determined. Using the Giorgi 
system of units in this example, we find the slope K = 
334 x 10-3 sq. meters per sec. Hence 


1.9 X pgh 1.9 X 103 X 9.8 X 0.2 


Be Ken = 33450 10? 1x 0.s4e Ome 
= 3.3 X 10° m./kg| 


where 7 = 1073 kg. per meter at 20°C. | 

The volume-time curve drawn in Fig. 3 is calculated 
from equation (4), using the proper value of a, in this 
case 7.2 m.~!. This curve fits the experimental points 
very well, although there is a pronounced deviation fron: 
proportionality between basis weight and drained vol- 
ume, as seen in Fig. 4. | 

The volume-time and the basis weight-volume rela: 
tions together determine the increase in sheet substance 
as a function of time. As both these relations are fai 
from linear, the deviation from constant rate of basis 
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Fig. 5. Sheet formation on probe. Basis weight as func: 
tion of forming time.—Same experiment as in Figs. 3 and - 


weight increase is very pronounced as seen from the 
same experiments in Fig. 5. | 


: 

From experiments carried out at different consisten 
cies, it is found, as could be expected, that under other 
wise constant conditions the rate of drainage is consider 
ably higher at a lower consistency. The deviatior 
from linear conditions is most pronounced in system: 
with higher consistencies when the original substance 
increase is more rapid. 

The curves representing basis weight as a functio1 
of forming time at varying stock consistencies will 
because of the above-mentioned, diverge rather widel: 
after a short time but eventually get closer again be 
cause substance increase levels off much more rapidl 
at higher than at lower consistencies (Fig. 6). 


If the experimental results are viewed from the stand 
point of varying velocities of stock flow relative to th: 
wire, it is found that the rate of drainage is higher a 
lower velocities of flow. Conversely, the resistance t 
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drainage is higher for a sheet of specified substance if 
formed at higher relative rates of flow of stock. If the 
relation between basis weight formed and the corre- 
sponding volume of drained water is studied, it will be 
found that the deviations from linear behavior occur at 
larger volumes of drained water when the rate of flow 
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h = 60 mm. 
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Fig. 6. Basis weight-time curves for sheet formation on 
probe at different stock consistencies 


is smallest (Fig. 7). However, even when the suspen- 
sion is stationary against the wire, such a deviation will 
eventually occur. At higher velocities of flow, drainage 
soon proceeds without increase in substance. 

The above information implies that the highest basis 
weight obtainable is reached at the lowest rates of flow 
passing the wire. 

Comparing the results obtained with the same pulp 
eaten in different ways, it is found that the increase 
n basis weight against time is faster at a lower 
Schopper-Riegler figure than at a higher, and also 
hat a higher basis weight is obtainable with a free 
stock (Fig. 8). 

The difference in rate of substance increase using 
julp beaten to different extents was insignificant at 
ow basis weight, but increased with increasing basis 
veights. The deviation from linear relations between 
yasis weight and drained water was most pronounced 
vhen using a highly beaten pulp. 

In Fig. 9 the drainage resistance is shown as a func- 
ion of freeness and making head. 

The results of the above-mentioned experiments can 
ye summarized as follows: 

The rate of drainage is determined by the making 
lead and the pressure drop across the sheet formed. 
fhe latter is proportional to the stock consistency and 
0 the specific resistance of the deposited fiber layer. 
This parameter is, apart from the obvious influence of 
he stock freeness, influenced by the papermaking vari- 
bles as follows: 

Increasing velocity of stock: increasing resistance 


Increasing consistency of stock: decreasing resistance 
Increasing making head: increasing resistance 


The experiments are considered to have conclusively 
emonstrated the existence of a considerable ‘‘washing 
ff”’ effect, which cannot even be offset in an ideal direct- 
Ow vat. 
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The deviation from proportionality between basis 
weight and quantity of drained water is increased by 
low freeness of the stock, high velocity of stock relative 
to the wire, high stock consistency, and a low making 
head. 


QUALITATIVE PROPERTIES OF SHEETS 


Further information regarding the process of sheet 
formation is obtained from studies of the physical and 
mechanical properties of the sheets formed on the probe 
under different conditions. 


C-Q 
/ V=0.05 m. /sec. 


BASIS WEIGHT 


VOLUME OF DRAINED WATER, Q 


Fig. 7. Basis weight against volume of drained water 
during sheet formation on probe at different rates of flow 
(V) past the wire 


It was found that the fiber length frequency diagram 
of the sheet was influenced by the rate of flow passing 
the wire. At 0.1 meter per sec. velocity the average 
fiber length was 1.67 mm. in a sheet of 50 grams per 
sq. meter when formed from a certain fiber suspension. 
When the velocity of flow was 0.3 meter per sec. rela- 
tive to the wire, the same fiber suspension yielded a 
sheet with only 1.33 mm. average fiber length. The 
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fiber length distribution in the two sheets is shown in 
Fig. 10. 

By a number of different tests it was found that the 
sheet was made up of material of different composition 
than that of the bulk stock. Ata high rate of flow rela- 
tive to the probe surface, stock slowly extracted by the 
probe without wire had significantly different proper- 
ties from that of the bulk stock. This difference in 
properties could be observed for instance from the fact 
that standard laboratory sheets made from the bulk 
stock and the stock extracted via the probe had differ- 
ent bulk and Gurley porosity. This factionation is 
probably caused by inertia effects since there is less 
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Fig. 8. Basis weight against forming time on probe at 18 


and 68° S.R. 


probability of deflecting a large particle than a smaller 
fiber fragment from the bulk flow into the probe. 
Measurements of bulk and Gurley porosity of the 
sheets formed on the wire of the probe gave the same 
general picture. 
The sheets were pressed and dried under standard lab- 
oratory conditions for handsheets. It was found that 
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under otherwise identical conditions and for equal 
substance a sheet formed at the higher making heac 
had higher bulk and porosity. At high making head 
the sheet is formed more rapidly and the difference i 


SPECIFIC DRAINAGE RESISTANCE , M/KG. 


100 200 400 | 
MAKING HEAD , MM. 
Specific drainage resistance (R) of sheet formed 4 


probe as a function of making head (h) at different free- 
ness of stock 


25 50 


Fig. 9. 


sheet composition from that of the bulk stock is oma) 
(Rig eis): 

The influence of different rates of flow of the stoc} 
relative to the wire on sheet bulk and porosity is ver: 
pronounced (Fig. 12). The higher the rate of flow 
relative to the wire the lower is the bulk and the pc 
rosity. Under like sheetmaking conditions the loga 
rithm of porosity in Gurley seconds increases approxi 
mately linearly against basis weight. 

The extreme variability in porosity caused by diffei 
ent sheetmaking conditions is perhaps best illustrate« 
by the fact that it was possible to make an 83-gran\ 
per sq. meter sheet from the same stock with a Gurley 
porosity varying from 22 to 3000 sec. 

When the fiber suspension passes the newly formed 
mat of fibers on the wire, some fibers will not be com 
pletely embedded in the sheet and will either be de 
flected parallel to the direction of liquid flow or may 
be torn out of the structure and carried away by thé 
stream. As mentioned earlier, the washing off effec: 
will be more pronounced at higher velocities of thi 
stock. When the sheet builds up and its drainage re 
sistance increases, it will become less probable that 
long fiber will be taken from the suspension and becom: 
stuck to the sheet surface. This effect will result i 
a fiber fractionation, increasing with basis weight it 
accordance with the Ghseeribone on sheet density an 
the increase in specific drainage resistance at high 
velocities of flow past the wire. 


In this connection it is interesting to note that th 
bulk of the sheet formed on the probe is dependent 01 
the consistency of the stock. 

When comparing the bulk of the sheets formed fron 
stock of different consistencies under otherwise simila 
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Fig. 10. Fiber length distribution in probe sheet (50 
grams per square meter) at 0.1 and 0.3 meters per sec. 
stock flow past the wire 


conditions two different regions were found—namely, 
one for low basis weights (under 30 to 40 grams per 
sq. meter) and one above this limit, as shown in Fig. 13. 

In the lower range a dilute stock gives a bulkier 
sheet. In the higher range the opposite is true. It 
could be presumed that a deflocculated low consistency 
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GURLEY POROSITY , logt 


BASIS WEIGHT 


Fig. 11. Gurley porosity (t) of sheets formed on probe at 
= different making heads (h) 
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stock would always allow formation of a denser sheet 
than a stock of higher consistency and consequently of 
higher degree of flocculation. However, at extremely 
low consistencies the rate of drainage is so high, even 
at moderate making heads, that the fibers will not have 
sufficient time to find the ideal positions in the sheet 
and consequently a low density sheet is obtained. 
Only when a sheet of sufficient substance is formed has 
the rate of drainage decreased to the extent that further 
substance increase can utilize the ideal conditions in 
the diluted stock. Under these conditions the above- 
mentioned fractionation effect will be pronounced and 
the sheet will become more compact. At higher basis 
weight a lower stock consistency always produced a 
denser sheet. 

Of the mechanical properties studied, only tensile 
strength will be discussed. This was measured on the 
STFI universal stress strain instrument of Ivarsson 


V=0.5 m/sec./ V=0.3 


GURLEY POROSITY , log t 


BASIS WEIGHT 


Fig. 12. Gurley porosity (t) of sheets formed at different 
rates of flow past the wire (v) 


and Steenberg (/0). Strength determinations were 
made in the direction of the flow over the probe (des- 
ignated as machine direction) and at right angles to 
this direction (cross direction). The results are shown 
in Figs. 14 and 15 for different velocities of flow past 
the wire and for different consistencies. 

The experiments carried out at 0.3 meter per sec. 
flow of stock relative to the wire showed that tensile 
strength in both directions generally increased with 
increasing consistency in the region studied. At these 
high rates of flow relative to the probe, the stock is 
essentially deflocculated. The ‘“‘machine-direction”’ ef- 
fect is easily observed, but it should be remembered 
that in no case was the ratio between tensile strength 
in machine and cross direction significantly above 2.5. 
In the experiments at less than 0.2 meter per sec. flow 
past the wire the difference in strength in the machine 
and the cross direction is smaller. This is the case for 
lower making heads. At higher consistencies and low 
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velocities of stock past the wire, the stock is more 
flocculated and good formation is prevented. The 
result of a high degree of flocculation is most pronounced 
in the tensile strength of the machine direction. 

Fiber orientation was studied in experiments with 
about 1% dyed fibers in the stock, according to Daniel- 
sen and Steenberg (//). It was found that the degree 
of fiber orientation increased with increased rate of 
flow past the wire. The wire side of the sheet had a 
lower degree of orientation than the top side. In one 
experiment (40° S.-R., consistency = 1.4 grams per 


DENSITY 


BASIS WEIGHT 


Fig. 13. Density of sheets formed on the probe from stock 


of varying consistencies 


liter, h = 200 mm.) the percentage of fibers within an 
angle of +30° from the machine direction were as shown 
in the following table. 


Stock velocity, Degree of fiber orientation, % 


meter per sec. Wire side Top side 
Oral 66 59 
Ors 7 ia 
0.5 we) 83 


DISCUSSION OF SHEET FORMATION IN CYLINDER 
MOLDS 


In a cylinder machine vat, the consistency at a point 
further from the inlet is always higher than at a point 
nearer the inlet, irrespective of the type of mold. This 
is understandable from the fact that at a later stage of 
the sheetforming process some drainage always occurs 
without a corresponding deposition of fibers, as clearly 
demonstrated in the model experiments. 

Because of the earlier mentioned fiber fractionation 
which takes place as the sheet is being formed on the 
cylinder wire, the freeness of the stock will vary along 
the vat circle. The freeness will increase with increas- 
ing distance from the inlet. This has been confirmed 
by tests in both direct-flow vats and counterflow vats. 
In a counterflow vat a difference of 20° S.-R. has been 
recorded between the stock at the inlet and the stock 
which the clean wire meets at the other end of the vat 
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Fig. 14. Breaking length of sheets formed on the prob 


from stock of different consistencies; high rate of flor 
past the wire (0.3 meter per sec.) 


circle. In a direct-flow vat the difference is smalle 
the larger the overflow of the vat is, but it can alway; 
be detected. 

As a consequence of the above-mentioned condition 
the sheet on a cylinder wire is made from a stock o 
varying consistency and freeness. In a counterflov 
machine the naked wire will meet the freest and mos} 
concentrated stock. In this region, however, th: 
erowth of the sheet is rapid and proceeds approximately 
ideally, i.e., the quantity of fiber deposited on the wiry 
is proportional to the drained volume of water. Al 
though nonideal conditions prevail through the res} 
of the vat a steady state is eventually obtained for th 
vat as a whole, and no overflow is necessary. 

In a direct-flow machine the clean wire meets th 
most dilute stock. Initially, the sheet substance 1 
creases in direct proportion to the quantity of draine: 
water. As the consistency is low the rate of drainage 
high, causing a less well-formed sheet and a high throug} 
fraction of short fibers and fines. Later on in the shee*} 
forming process less fibers are attached to the sheet 1 
proportion to the drained volume of water, and th 
concentration and freeness of the stock will increas 
along the vat circle. Obviously no steady state i 
reached in this case, and an overflow is necessary t 
prevent excessive consistency in the vat. 

Explanations given in the literature for the necessit/ 
of an overflow in direct flow vats and a comparison wit} 
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Fig. 15. Breaking length of sheets formed on the prot 
from stock of different consistencies; medium rate of flo 
past the wire (0.1 meter per sec.) 
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Fig. 16. Comparison of sheetmaking conditions in direct 
and counter flow vats 


counterflow vats in this respect are generally vague 
and incomplete. 

In the model experiments the sheet was formed from 
a stock of constant consistency and freeness having a 
uniform velocity relative to the wire. Obviously none 
of these conditions exists in the cylinder machine. If 
(for the present) the varying velocity of the stock in 
different parts of the vat is neglected, it is, however, 
possible to draw some conclusions regarding the much 
discussed question of the rate of growth of the sheet on 
a cylinder wire. 

In the counterflow vat the rate of substance growth 
increases rapidly during the generally short period of 
increasing making head, and then decreases proportion- 
ally to the decreasing rate of drainage. This part of 
the sheet is formed from a high consistency stock of 
high freeness and is relatively porous. It will have a 
proportionally greater drainage rate than a sheet of 
the same basis weight formed in the direct-flow process. 
The rate of flow past the wire can in this initial part of 
the sheet formation be considered to be relatively un- 
important for the sheet characteristics, because forma- 
tion is proceeding in the ideal way. Soon, however, 
the drainage resistance has reached higher values and 
the flow past the wire has a higher velocity and the 
stock has lower consistency and lower freeness. The 
rate of sheet growth in this period is much lower. 
The sheet is, however, closed as a result of picking up 
fiber fragments and shorter fibers. 

It is generally held that a counterflow machine can 
satisfactorily pick up higher substance than a direct- 
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flow machine. The relatively large part of the sheet 
made from a high consistency free stock is probably the 
reason for this effect. The high bulk of the sheet will 
make it ideal for the center of a board. 

In the direct-flow vat the rate of drainage is very high 
in the beginning of the sheetforming process and 
will continue to be so over a larger distance than 
in the counterflow vat, because the consistency is 
smaller in the first case, and the total drainage resist- 
ance will build up more slowly. The sheet will, how- 
ever, have a more closed formation as the process pro- 
ceeds. It seems understandable that the maximum 
pickup in the direct flow is smaller than in the counter- 
flow wire, as is generally considered to be the case. A 
better uniformity is obtained mainly because the first 
fiber layers are formed from a dilute and better defloccu- 
lated stock than in a counterflow wire. 

While the above-mentioned general type of formation 
always exists it can be further concluded from the ex- 
periments that the rate of substance growth will be in- 
fluenced by a number of factors and even in the same 
machine will depend very much on the consistency 
and type of stock, speed of machine and the total sub- 
stance being formed on the wire. Two of the three 
different possibilities for sheet growth put forward by 
Hollis (8) can, however, be definitely ruled out. 


The general conditions for sheet growth in a direct- 
flow vat and counterflow vat are given in Fig. 16. In 
the diagram the circles depict points which can be 
measured without much difficulty on commercial ma- 
chines while running. In several cases either the 
integral of the curve or an average value can be de- 
termined. 

Regarding the strong anistropy of cylinder machine 
sheets compared to those found in the present model 
experiments it must be remembered that there is a 
considerable draw of the commercial sheet as it is being 
fixed to the long wet felt, and that in all probability 
even a perfectly randomly formed sheet because of this 
draw will become more anisotropic in mechanical prop- 
erties than in the fourdrinier case. 

It is tempting to discuss practical conclusions regard- 
ing design of cylinder machines using the information 
obtained in this work. It is the opinion of the writers 
that the importance of a possibility to vary the making 
head during the sheet formation process has been neg- 
lected in comparison to the probably less important 
influence of varying the relative speed of wire and stock 
by adjustable vat circles. 
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Strohoscopic Observations at the Wet End 


COVER C. PORTER 


Both cyclic and non-cyclic motions of sheet formation at 
the wet end may be observed by an industrial-type strobo- 
scope. Machine adjustments and experimental work 
can therefore be carried out with a greater degree of 


accuracy. 


IN INVESTIGATIONS of the portion of the four- 
drinier machine generally comprising the forming sec- 
tion between the breast roll and the flat boxes, it is 
usually quite difficult to observe just what is taking 
place. It is generally difficult to observe all of the 
eccentricities of the moving sheet, and it is quite com- 
mon even for trained observers to disagree as to what 
they saw or what they thought they saw. A very use- 
ful instrument in overcoming some of these difficulties 
is the stroboscope which is an instrument for studying 
or observing periodical or varying motion by means of 
periodically interrupted light. 

Consider a flywheel on the end of a shaft rotating at 
1800 r.p.m. Near the rim is painted a black spot. Let 
us view this flywheel in a darkened room by means of 
light which is flashed periodically 1800 times per min. 
Under this condition the flywheel will appear to be sta- 
tionary because it is always in the same position when 
we see it. This is possible because of a rather remarka- 
ble property of the human eye known as persistence of 
vision. The retina of the eye will retain each image of 
the spot on the flywheel for an appreciable fraction of a 
second while the light source is off and therefore, no 
flicker of the dot on the flywheel rim is observed. 

In referring to the various illustrations, more impor- 
tance is to be placed on the stroboscope as an instrument 
of technical investigation rather than the subject mat- 
ter of the illustrations themselves. 

Figure 1 is a microflash photograph of 1 thousandth 
of a sec. duration taken with a commercial photog- 
rapher’s strobolight. This is identical in appearance 
for any given instant as when viewed under continuous 
stroboscopic illumination. This machine is a 238-in. 
fourdrinier running newsprint from southern pine at 
1500 f.p.m., which has a conventional open headbox 
with a flat apron plate and a Van de Carr slice and utiliz- 
ing fin-type flow eveners. The slice can be barely seen 
in the upper right and right-hand portions of the illus- 
tration. Following the slice a rather wide forming 
board supports the wire, followed by the first table roll. 
Quite a number of things are self-evident including the 
streaks left by the flow eveners, the nip effect at the 
first table roll after which considerable turbulence takes 
place, and also the friction effect against the atmosphere 
which tends to bend the spray back toward the head- 
box. At this point the author would like to re-empha- 
size the former statement that this illustration is of no 
particular importance as far as some findings of fact in 
the basic fundamentals of the wet end is concerned. 
It was found, however, that stroboscopic observations of 
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Fig. 1 


this general nature were a great aid in investigations 
which involved the placement and sequence of table 
rolls, forming boards, deflectors, etc. In addition to 
resolving differences of opinion between trained obser- 
vers, it was also most important to be able to demon- 
strate to operating personnel large machine change: 
which occurred with slight adjustments and at certair 
times conversely, the lack of change in the sheet condi 
tions when some variables were changed rather dras 
tically. 

Figure 2 is a view of the sheet on the wire about 
ft. further down the wire than illustrated in Fig. 1. As 
can be seen, quite a bit of the turbulence has subsided 
The end of the deckle can be seen in the lower right-hanc 
corner, and the subsequent shock wave induced by the 
deckle about 12 in. toward the center of the wire. The 
top of the deflector between the two table rolls is als« 
shown. This particular illustration was chosen to shov 
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that the wire was clearing the top of the deflector to 
the extent that deflector top itself is not removing any 
water. If it had been, a very definite nip would be 
seen under stroboscopic illumination that is very diffi- 
cult to see with the naked eye. 

Figure 3 shows the water leaving the breast. roll. 
The forming board supporting the wire is seen at the top 
of the figure, the breast roll to the right, and the breast 
roll doctor in the foreground. It can be seen that the 
pattern of the water is, by and large, missing the doctor 
blade altogether. By use of stroboscopic illumination, 
it was possible to position the doctor blade so that the 
main stream is not driven into the point of contact but 
at the same time effectively cleans the roll. 

Figure 4 is rather interesting in that it illustrates 
the distribution of the moisture content of the sheet 
entering the driers. To take this picture the photog- 
rapher was laying on his back on the floor between the 
second press and the first drier. Continuous strobo- 
scopic illumination indicates that the pattern originated 
from the couch. Unlike common cases of shell marking, 
the fibers are not physically dislocated as the sheet is 
clear at the dry end. Apparently the impression of the 
drilling is caused by the difference in the refractive or 
reflective index of the areas of different moisture con- 
tent. In the drier section of 48 driers this pattern per- 
sists as far as no. 22 drier, but cannot be distinguished 
at no. 24. It is intended that continuing studies will 
be made of this phenomenon to see if the point of per- 


Fig. 4 


sistance advances or retreats up or down the drier sec- 
tion, which may give an insight to drying conditions in 
general. Here again is an example where visual demon- 
stration completely changed the concept of moisture 
distribution that most of the operators previously had 
in mind. 

Many other practical applications of stroboscopic ap- 
plication can be cited. It, of course, serves as a tachom- 
eter which requires zero power output from the ob- 
ject to be measured. In one case it was used to locate 
the source of trouble of a badly flapping draw in the 
drier section where the sheet transferred from the first 
drier felt to the second. It was obvious that a key 
had sheared in one of the two driers involved and under 
stroboscopic illumination the offender was seen to oscil- 
late with each revolution. Considerable downtime 
was saved therefore in effecting the repairs. 

The instruments in use in this mill are manufactured 
by General Radio Co. andare trade-named the Strobotac 
and the Strobolux. The Strobolux is used in conjunc- 
tion with the Strobotac and supplies approximately 100 
times as much light as the primary unit. The Strobo- 
lux can also be used as a microflash unit for high-speed 
photography. Although the illustrations were taken at 
| thousandth of a sec., the Strobolux supplies a micro- 
flash some 30 times faster. The combined cost of the 
two instruments in 1950 was $365 with replacement 
bulbs totaling about $30. This seems to be a small 
price for so valuable a research tool. 


The Filtration Resistance of Pulp Slurries 


W. L. INGMANSON and ROY P. WHITNEY 


Vhis paper is devoted to a presentation and discussion of 
the average specific filtration resistance as an important 
property of papermaking fibers. The laboratory deter- 
mination of this quantity through both constant-pressure 
and constant-rate filtration experiments is discussed, and 
the relative merits of the two techniques are considered. 


W. L. Inamanson, Research Assistant, and Roy P. Wuitney, Research 
Associate, The Institute of Paper Chemistry, Appleton, Wis. 
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The analysis of filtration resistance into certain compo- 
nents, notably the specific surface and the effective specific 
volume, is also explored. Finally, the application of these 
concepts to drainage on the wire of the fourdrinier paper 
machine is proposed. 


THE drainage of water from pulp slurries is an 
operation of first importance in papermaking. Since 
drainage is essentially an example of filtration, it is 
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surprising that relatively little attention has been paid 
to the application of existing filtration theories to drain- 
age, or to the development of new theories particularly 
pertinent to papermaking fibers. The need for a better 
understanding of the mechanism of drainage is now gen- 
erally recognized, and several important researches in 
this field are under way in laboratories both here and 
abroad. 

Mathematical statements and developments of filtra- 
tion theory have been presented by numerous authors 
(1, 2,3). While a filtration may be conducted accord- 
ing to any desired schedule, most of the theoretical 
developments have been restricted to either a constant 
pressure differential across the filter mat, or a constant 
rate of filtration. Each of these restrictions has certain 
advantages, both in theory and in practice. The con- 
stant-pressure schedule is of particular interest in the 
pulp and paper field, because many of the practical ap- 
plications either follow or approach this condition of 
restraint. 

For the case of a constant-pressure filtration involv- 
ing a noncompressible filter bed, the validity and utility 
of an “average specific filtration resistance” can easily 
be demonstrated. Such a concept is also valid for a 
compressible filter mat. Although in this case both the 
degree of compaction and the resistance to flow offered 
by a unit mass of solids vary markedly through the mat 
from face to septum, the average specific filtration resist- 
ance through the mat is not a function of mat thickness 
or mass, but only of the pressure differential across it. 

For the constant-rate case, the pressure differential 
across the bed increases with time. Since, with a com- 
pressible bed, the average specific filtration resistance is a 
strong function of the pressure differential, it too must 
increase with time, and its significance is more difficult to 
interpret. 

The filtration characteristics of pulp slurries have 
been under investigation in this laboratory for the past 
several years. The initial experimental approach in- 
volved the constant-pressure technique because of the 
simplicity and directness in interpretation of the results. 
For a given pulp slurry, it was necessary to conduct 
several experiments, each at a different pressure differ- 
ential, in order to express the average specific filtration 
resistance as a function of the pressure differential. 
This early work has been described by one of the authors 
(4). 

In spite of the difficulties in interpretation of the 
results, there are many experimental advantages offered 
by the constant-rate technique. Each experiment is 
simpler and less time-consuming, fewer calculations are 
involved, and it is possible to obtain the filtration resist- 
ance at any desired pressure differential from one ex- 
periment. The validity of the results so obtained, 
particularly if they are to be applied under constant- 
pressure conditions, has not been demonstrated, how- 
ever. Nevertheless, use of the constant-rate technique 
has been proposed (5) and investigated extensively. 
This will be discussed below. ’ 

It is the belief of the authors that the average specific 
filtration resistance is an important property of a pulp 
slurry. It isa reliable index of drainage characteristics, 
which can be utilized in the design and operation of 
commercial equipment. However, it gives no indica- 
tion, per se, of the mechanism of filtration or drainage, 
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Nomenclature 


A = cross-sectional area of bed perpendicular to direction 
of flow (49.5 sq. cm. for septum ) 

table roll radius, centimeters 

constant in a constant-rate filtration, B = <A? 
pO(dV /de)?, ¢.g.8. units . 

constant in a constant-pressure filtration, Bia 
pC /A2APy, ¢.g.8. units : 

porosity integration constant, (centimeters per 
second)? 

Cc — mass of fibers in filter bed per unit volume of filtrate, 
grams per cubic centimeter : 

mass of fibers per unit volume of a uniformly com- 
pacted bed, grams per cubic centimeter 

average mass of fibers per unit volume of a filter bed, 
grams per cubic centimeter 

acceleration due to gravity, 980 cm./sec.” 

height of the column of water in a table roll nip, 
centimeters 

Kozeny constant, dimensionless 

width of fourdrinier wire, centimeters 

, N = compressibility constants in relationship, ¢ = M pn 

Mo filter bed concentration at zero compacting pressure, 
grams per cubic centimeter 

ratio of mass of wet filter bed to mass of dry filter bed, 
dimensionless 
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AP; = over-all frictional pressure drop across filter bed, 
dynes per square centimeter 

Pp = mechanical compacting pressure in a filter bed, dynes 
per square centimeter 

q = volumetric rate of drainage from a table roll per unit | 
width of wire, cubic centimeters per (second) | 
(centimeter ) 

= average specific filtration resistance, centimeters per | 

gram 

S = specific surface of fibers, external surface area per | 
unit mass, square centimeters per gram 

s = mass of fibers per unit mass of slurry, dimensionless 

u = paper machine wire velocity, centimeters per second 

V = filtrate volume, cubic centimeters 

v = effective specific volume of fibers, cubic centimeters 
per gram 

Ww = total mass of fibers in a filter bed, grams 

W’ = mass of fibers per unit area on paper machine wire, | 


grams per square centimeter 
W’.v. = arithmetic average of W’ entering and leaving drain- 
age area at a table roll, grams per square centimeter 


Ww = mass of fibers above some given point in a filter bed, 

grams 
= length of drainage area at a table roll, centimeters 

€ = filter bed porosity at a given point, void volume per 
bed volume, dimensionless 

Env = average porosity of a filter bed, dimensionless 

6 = time of filtration, seconds 

ue = filtrate viscosity, poises 

p = filtrate density, grams per cubic centimeter 


and permits no insight into the more fundamental 
properties which must govern it. Such an insight is 
possible, at least to some extent, by an analysis of the 
filtration resistance into its components. In this study, 
this has been accomplished by application of the Ko- 
zeny-Carman permeation relationship (6, 7). 

The Kozeny-Carman equation relates the rate of 
flow of an incompressible fluid through a fixed porous| 
bed to the specific surface, the effective specific volume, 
and the compressibility characteristics of the bed. It is 
limited to the streamline region of flow, and to certain 
ranges of void fraction (8, 8). Ingmanson (4) has 
shown that it may be applied in differential form to the 
filter mat of a compressible material such as pulp fibers, 
and then integrated over the proper boundary condi- 
tions. By this means, the filtration resistance can be 
expressed in terms of certain of its components. 


It is the primary object of this paper to present the 
concept of the average specific filtration resistance as an 
important pulp property. The laboratory determina- 
tion of this quantity by two means will be discussed, 
and the relation between the two examined critically. 
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Analysis of the filtration resistance into certain of its 
components will be considered. Finally, the utility of 
these concepts in the study of drainage on the wire of 
the fourdrinier paper machine will be indicated briefly. 


LABORATORY MEASUREMENT OF FILTRATION 
RESISTANCE 


Filtration theory has been previously discussed by 
_ the authors (4, 5), and the defining equation for the av- 
erage specific filtration resistance of a compressible 
material, such as cellulosic fibers, was written in the 
conventional manner as, 


Ve AAP 
2 eaCBeTAYR (1) 


_where dV /dé@ is the volumetric rate of flow past a cross- 
sectional area, A, of a filter bed containing a mass of 
particles, W. The over-all frictional pressure drop 
across the filter bed is AP; in a fluid with viscosity u, and 
R is the average specific filtration resistance of the bed. 
The mass of particles in the bed may be related to the 
filtrate volume by a material balance: 


V=CV (2) 


where p is the filtrate density, s is the mass fraction of 
solids in the slurry, i.e., the slurry consistency, m is a 
measure of the moisture content of the filter bed ex- 
pressed as the mass ratio of wet filter bed to dry filter 
bed, and C is the mass of particles in the filter bed per 
unit volume of filtrate. 


Constant-Pressure Filtrations 


In a previous study (4), constant-pressure filtration 
data were analyzed by integrating equation (1) over the 
limits of filtration time, 6, and filtrate volume, V, during 
which the pressure drop across the bed was constant. 
The resulting equation was rectified and plotted in such 
a manner that the filtration resistance at a given pres- 
sure drop could be calculated from the slope of the linear 
eurve. This method is not particularly sensitive to 
detecting possible changes of filtration resistance with 
time of filtration, and extrapolation of the filtration 
curve to conditions of zero pad weight is complicated by 
the initial variation in pressure drop and filtration re- 
sistance. A more sensitive method of analysis can be 
obtained by writing a combination of equations (1) and 
(2) in an incremental form, and rearranging the terms 
to give, 


a Se VY = B'RV (3) 
f 


where B’ is constant for a given filtration. 

When the incremental time, A@, and the correspond- 
ing incremental volume, AV, are taken sufficiently small, 
a plot of the left side of equation (3) against the average 
volume, V, is linear for a constant average specific 
resistance, R, and the slope of the curve may be used to 
calculate the filtration resistance. A plot of equation 
(3) should extrapolate to zero volume at zero A@/AV, if 

_R is independent of the filtration time, @. 


-Constant-Rate Filtrations 


In a constant-rate filtration, the volumetric flow rate 
_is maintained constant, and the frictional pressure drop 
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across the bed increases as the mass of particles in the 
bed builds up. Since the moisture content of the filter 
bed, m, is a function of the pressure drop, equation (2) 
is rewritten as, 


LS UGAY feo as ey BU 
do = B aR Cde (4) 
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From equations (1) and (4), the filtration resistance, at 
some given pressure drop, may be expressed as, 
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hx : 
u(dV /d0)? ah Cade 


(5) 


For a relatively dilute slurry (i.e., less than 0.1% 
consistency), C is very nearly equivalent to the slurry 
consistency, s, and may be assumed to be independent 
of the pressure drop. Under these special conditions 
equation (5) simplifies to, 

A? AP; ap APs 


k= CdV/doy? 0 6 (6) 


where B is constant for a given filtration. Knowledge 
of the filtration constant, B, and the time-pressure drop 
relationship in a constant-rate filtration can be used to 
calculate the filtration resistance as a function of the 
pressure drop directly from equation (6). For slurry 
consistencies greater than 0.1%, the factor (1—sm) in 
equation (2) differs appreciably from unity, and the 
slurry consistency s may no longer be taken equivalent 
to C. In this case, the mass ratio of wet pulp bed to 
dry pulp bed, m, must be known as a function of the 
frictional pressure drop, and the integral in equation (5) 
is evaluated graphically at the pressure drop for which 
the filtration resistance is to be calculated. 


Components of Filtration Resistance 


The well-known Kozeny-Carman equation can be 
used to relate the filtration resistance of porous beds to 
certain properties of the materials comprising the bed. 
It has been shown (4) that the average specific filtration 
resistance at pressure drop AP; is given by, 


kS? AP+ 
ae [= ve) 8/2), ap (7) 


where k is the Kozeny constant, taken as 5.55 for fibrous 
materials (9), S is the specific surface, v is the effective 
specific volume, p is the mechanical compacting pressure 
developed at a point in the bed, and ¢ is the point con- 
centration of bed material at a differential layer in the 
filter mat where the compacting pressure is p. 

Equation (7) can be used to calculate the specific 
surface and the specific volume of pulp fibers, provided 
the functional relation between the pad concentration, 
c, and the compacting pressure, p, is known. In the 
pressure range from 10 to 100 cm. of water, experimental 
compressibility data for many wood pulps can be fitted 
with good precision by an empirical function of the form 


ec = Mp’ (8) 


R= 


where M and W are constants. When equation (8) is 
substituted in equation (7), integration yields: 
; IS? 
[e1/(1 — N)] — 30 + [8vc/(1 + N)] — [v'e?/(1 + 2N)] 
(9) 


Provided the compressibility constants and the filtra- 
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SPEED - DRIVE FILTRATIONS 
UNIT 
Fig. 1. Combination constant-pressure and constant-rate 


filtration apparatus 


tion resistance at two or more values of the pressure 
drop are known, equation (9) can be used as a working 
relation for the determination of the specific surface and 
the specific volume. However, it is subject to the seri- 
ous limitations of the empirical function expressed in 
equation (8). 

The assumption inherent in equation (8) is that the 
pad concentration is zero at zero compacting pressure 
(i.e., at the pad face). Although this has been shown 
to be a good approximation in some cases, (10), 1t can- 
not be strictly true. There is a finite value of the pad 
concentration at the pad face, which may be called Mo, 
and it is evident therefore that a better empirical com- 
pressibility function would take the form c=M)+ Mp’. 
However, an accurate determination of My has not yet 
been accomplished, and substitution of this compressi- 
bility function into equation (7) gives a relation which 
cannot be integrated by formula. For these reasons, in 
the analysis of the constant-pressure filtrations, it has 
been necessary to take M) equal to zero, and to use 
equation (9) as the working relation. 

Equation (9), an integrated form of the Kozeny- 
Carman relation, can also be used in the analysis of 
constant-rate filtration data, still subject, of course, to 
the uncertainties discussed above. It is possible, 
however, to calculate the specific surface and specific 
volume from constant-rate filtration data in a manner 
which does not necessitate extrapolation of the com- 
pressibility data, and is independent of any assumptions 
concerning the value of the pad concentration at zero 
compacting pressure. When the value for filtration 
resistance given by equation (7) is substituted into the 
constant-rate relationship of equation (6), the resulting 
expression for filtration time may be differentiated 
with respect to pressure drop. This differentiation 
serves to remove the integral sign in equation (7) and 
the equation may be rectified to yield (5): 


pe fe, | 
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Values of dé/d(AP;) may be determined from the 
time-pressure drop curve of a constant-rate filtration, 
and compressibility measurements can be used to 
obtain values of the pad concentration, c, at compacting 
pressures equal to the pressure drops at which the slopes 
were measured. Then, a plot of the left side of equa- 
tion (10) against the pad concentration, c, should be 
linear if the Kozeny-Carman relationship holds over the 
porosity range in question. The value of the c=0 in- 
tercept and the slope are used to evaluate the specific 
surface, S, and the effective specific volume, v. An 
example of this type of analysis of constant-rate filtra- 
tion data has been given for a spruce sulphite pulp (4). 


Experimental Methods 
The filtration apparatus, slurry feed system, and pulp 


preparation described in previous constant-pressure 
work (4) was utilized in the constant-rate experiments 


by connecting a variable-speed gear pump to the suction 
A schematic sketch of the | 
combination constant-rate and constant-pressure filtra- 


leg of the filtration tube. 


tion apparatus is shown in Fig. 1. 
Pulp slurries from the gravity feed tank were ad- 


mitted through the side of the constant-head section of _ 


the filtration tube with a baffle system to prevent surg- 
ing of the slurry Jével in the tube. 
slurry flow into the tube was sufficient to prevent set- 
tling out of the fibers during filtrations, and no other 
means of agitation was necessary. Standard slurry 
consistencies of 0.01% (to avoid all flocculation effects) 
were used in all the filtrations except those in which 
slurry consistency was the variable under study. 


The turbulence of — 


Compressibility measurements were made on pulp | 


pads formed in the filtrations. The pads were allowed 
to expand at the end of the filtration and a permeable 
brass piston loaded with weights was used to compress 
the beds over a compacting pressure range of 10 to 100 
cm. of water. 
cathetometer. 

The pulps used in the investigations were dewatered 
to oven-dry contents of from 25 to 30%. The pulps 
were soaked overnight before the filtrations, dispersed 
in a standard British disintegrator, and deaerated under 


water pump suction before being added to the feed tank | 


and diluted. 


ay = 10 CM. ia 


oO/oV, SEC./LITER 


< 


==+ dV/d0 = ia 
| 


| © CONSTANT - PRESSURE| 
FILTRATION DATA 


FILTRATE VOLUME, LITERS 
Fig. 2. Constant-pressure filtrations—red oak kraft pulp 
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Pad thicknesses were measured with a | 


| 
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COMPARISON OF CONSTANT-RATE AND 
CONSTANT-PRESSURE FILTRATIONS 


In the evaluation of the constant-rate technique as a 
laboratory tool in the measurement of filtration re- 
sistance, both constant-rate and constant-pressure 
filtrations were made on a number of different pulps. 
To make the comparisons under the most nearly 

similar experimental conditions, the initial periods of 
_ the constant-pressure filtrations, which were required 
to build up the pressure to the desired constant values, 
_ were made as nearly as possible at the constant flow 
rate used in the separate constant-rate studies. 

A typical example of the constant-pressure filtrations 
is shown in Fig. 2 for a northern red oak kraft pulp. A 
line of constant rate, corresponding to the flow rate in 
the attendant constant-rate filtration, is drawn in Fig. 
2. Had the initial flow rates in the constant-pressure 
experiments been exactly the same as indicated on the 
horizontal dotted line, the first datum points would 
have fallen exactly on this constant-rate line. These 
initial datum points have been extrapolated to zero V 
and zero A6/AV. The filtration resistances calculated 
from the slopes of the resulting lines agree with the con- 
stant-rate runs within 1%. Hence, the dotted extra- 
polation lines in Fig. 2 may be considered to represent 
hypothetical constant-pressure filtrations with filtra- 
tion resistances equal to those calculated from the con- 
stant-rate runs. However, it can be seen that as the 
constant-pressure filtrations proceed, the A@/AV values 
deviate more and more from the extrapolated curves. 
The filtration resistances measured in these constant- 
pressure periods of the runs are larger than those 
from the constant-rate runs by from 4 to 16%. These 
differences are graphically illustrated in Fig. 3, where 
it can be seen that the discrepancies in filtration re- 
sistance become greater at higher pressure drops. 

Using the experimentally determined pad com- 
pressibility data, it is possible now to calculate values of 
the pulp specific surface and effective specific volume 
from both the constant-pressure and the constant-rate 
filtration resistances, using the integrated Kozeny- 
Carman equation (equation 9). In addition, the spe- 
cific surface and specific volume can be calculated 
directly from the constant-rate data, using the differ- 
ential form of the Kozeny-Carman equation (equation 
10). The three sets of calculated values are shown in 
Table I, where it can be seen that all three values of the 
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Fig. 3. Comparison of constant-pressure and constant- 
a rate filtrations—red oak kraft pulp 
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Fig. 4. Deformation of wet pulp pad under constant stress 
—red oak kraft pulp 


specific surface are in good agreement, but that the 
specific volumes differ markedly. Not only is the con- 
stant-pressure specific volume significantly higher, but 
the two values calculated from the constant-rate data 
are not in agreement between themselves. The latter 
discrepancy must reflect the difference in the two forms 
of the Kozeny-Carman equation. 

Since the only real difference between the two forms 
of the Kozeny-Carman equation is the dependency of 
the integrated form upon the accuracy of the extrapo- 
lation of the compressibility function to zero pad con- 
centration, an extrapolation error is indicated. As 
would be anticipated, when the specific surface and 
specific volume calculated from the differential form are 
substituted into the integrated expression, filtration 
resistance values are calculated to be significantly lower 
than those measured in constant-rate experiments. 
The desired integral, Y, is, 


APs (1 — vc) 
j -f, CEor (11) 


c 


However, when the expression based on extrapolation 
of the compressibility function, c= Mp’, and given by 
equation (9) is used, the integrated porosity function is 
too large by some area, b. Area b is defined by the as- 
sumed compressibility function and by some actual but 
unknown function, sayc=M,)+Mp%. Thus, the proper 
integration is given by, 


> _ f APrd — Mp’) 4 
Vi -{, ree Ts dp — 6 (12) 


Provided the upper limit, AP;, of the porosity func- 
tion integral is greater than that at the point of diver- 
gency of the assumed and actual compressibility 
functions, area b should be constant and independent of 
the pressure drop. 

Values of the specific surface and specific volume 


Table I. Specific Surface and Specific Volume—Red Oak 


Kraft 
Specific Specific 
surface, 8, volume, v, 
sq. cm./g. ce./g. 
Constant-pressure, integrated 
Kozeny equation? 10,600 2.78 
Constant-rate, integrated 
Kozeny equation 10,950 7) (OY 
Constant-rate, differential 
Kozeny equation? 10,470 2.245 
* Equation (9). 
6 Equation (10). 
527 


given by the differential form of the Kozeny-Carman 
equation were used in conjunction with the compressi- 
bility constants and constant-rate data to calculate b at 
five pressure drops by using equations (7) and (12). 
The values of the correction area 6 are given in Table 
II for the red oak pulp, and appear to be reasonably 
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Fig. 5. Porosity distributions in filter beds of red oak kraft 
pulp 

constant and independent of pressure drop. When 
the average b values are substituted into equation (7), 
the values of filtration resistance calculated from the 
corrected integrated Kozeny-Carman equation agree 
perfectly with the constant-rate data of the red oak pulp 
(Table II). These results are typical of those found 
for a number of other wood pulps. 

It is concluded that use of the integrated Kozeny- 
Carman equation to calculate specific surface or specific 
volume from either constant-rate or constant-pressure 
filtrations is not in perfect agreement with the experi- 
mental data because of the necessity of extrapolating 
an empirical compressibility function. More reliable 
values of the specific surface and specific volume may 
be obtained from the time-pressure drop curves of 
constant-rate filtrations, and from compressibility data 
used only in the pressure range over which the data 
were experimentally measured. Values of the specific 
surface, calculated by either method and from either 
constant-rate or constant-pressure filtrations, are 
reasonably similar and can be considered in good agree- 


Table II. Porosity Function Integration Constant, Red 
Oak Kraft 
Filtration resistance, R X 10-8, em./g.——X 
Calculated Calculated from Calculated from 
Pressure Integration from integrated integrated 
drop, constant, constant rate Kozeny-Carman Kozeny-Carman 
NP T/ poe Oe LOsS,, filtration equation equation 
em. water  cm.*/sec.* data (ba==0) (b = 10.6) 
10 9.2 0.459 0.429 0.462 
30 10.1 0.673 0.648 0.673 
50 10.8 0.820 0.795 0.820 
70 9.5 0.940 0.916 0.940 
90 12.6 1.049 1.020 1.043 
Av. 10.6 
528 


ment. Deficiencies in the theories and errors in the 
measurements appear to be largely absorbed in the 
apparent values of the effective specific volume. 

The reason for larger values of the filtration resistance 
per se from constant-pressure filtrations in comparison 
with constant-rate filtrations is yet to be explained. 


The graphical analysis of the constant-pressure data in 


Fig. 2 indicates the possibility of a time effect on fil- 
tration resistance. The filtration times for the red 
oak kraft pulp were purposely made as long as pos- 
sible, and a definite curvature was observed in the 
constant-pressure graph. Similar curvatures, indicat- 


ing an increase in filtration resistance with the time of | 


filtration, have been found for both unbeaten and 
beaten pulps. Because of the viscoelastic nature of 
wet pulp pads, creep effects have been observed by a 
number of workers (11-13) for wet pulps under compres- 
sive stress. Thus, it is possible that examination of 
porosity distributions, porosity changes, and rate of 


loading within filter beds under conditions of constant- } 
rate and constant-pressure filtrations might afford some | 
insight into the observed differences in the two types } 


of filtrations. 


Creep effects have been noted for a large number of | 
An example of the } 
type of deformation that is obtained under sustained | 
In this | 


pulps in compressibility studies. 


load is shown in Fig. 4 for the red oak pulp. 
one experiment, the load was applied as quickly as 
possible to the pad face by a permeable piston. In 
the relatively short time of 18 sec., the mat was com- 
pressed from a concentration of 0.0100 to 0.1190 
gram per cc. 


From this point, the pulp bed concen- | 


tration was roughly proportional to the logarithm of | 


time. 

In conducting the actual compressibility — tests, 
loads of from 10 to 100 grams per sq. cm. were applied in 
succession to the expanded pads resulting from the 
filtrations. It was necessary to apply each load slowly 


to prevent a shifting of the relative positions of fibers } 


within the pads. Loads were applied in such a manner 
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Fig. 6. Porosity change in filter beds of red oak kraft pulp | 


that liquid pressures not greater than 2 em. of water 


were developed as the bed of fibers was compressed. 


Because of the creep effect, some arbitrary decision was 
necessary in order to choose an apparent pad concen- 
tration equilibrium point. In these studies, pad 
concentrations were measured when the liquid pressure 
differential, as indicated by the water manometer 
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(Fig. 1), was zero. This apparent equilibrium, when 
the flow of water from the compressed bed was too slow 
to indicate a pressure differential, occurred within 30 to 
60 sec. after the full piston load was applied to the pad 
of fibers. 

To calculate the pad concentration at various points 
in a filter bed, the distribution of compacting pressures 
throughout the bed must be known. It can be shown 
that the compacting pressure, p, at some point in the 
filter bed is related to the mass fraction of material, 
w/W, above that point by, 


w _ Ja (2 ~ ve}¥/el ap 
MO a = we) eh ap 


The porosity, e, of a differential mass of fibers at some 
point in the filter bed is given by, 


(13) 


e=1— vce (14) 


where c is the concentration of the differential mass 
of fibers subjected to mechanical stress p. 

Calculations of porosity distributions were made 
for the red oak kraft pulp with a specific volume, cal- 
culated from the differential form of the Kozeny- 
Carman equation, of 2.245 cc. per gram. Values of 
the integrated porosity function for this pulp were cal- 
culated from equation (12) using the average value of 
the integration constant, b, given in Table II. Then, 
for a given value of the compacting pressure at some 
point in the bed, the mass fraction of material above 
this point was calculated from equation (13). The 
porosity at this same point was calculated from equa- 
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Fig. 7. Average specific filtration resistance—low range 


tion (14) and the porosity distribution curves of Fig. 5 
were constructed. 

For any constant-pressure filtration, the porosity dis- 
tribution is given by one of this family of curves over 
the entire constant-pressure period. A differential 
mass of fibers within the pad may be selected at any 
value of the mass fraction, w/W, above it, and the 
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change in porosity of this mass traced throughout the 
course of the constant-pressure filtration. This is done 
by keeping W—w constant along a given frictional 
pressure drop line as W increases throughout the 
filtration. This is equivalent to moving from left to 
right on a constant-pressure line, and gradually ap- 
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Fig. 8. Average specific filtration resistance—high range 


proaching a value of w/W equaltounity. A similar pro- 
cedure can be used for a differential element of mass in 
a constant-rate filtration. In this case, however, as 
w/W moves from left to right, new frictional pressure 
drop curves are continually encountered, so the con- 
stant mass also moves downward on the graph. 

Quantitative examples of porosity changes for dif- 
ferential elements of mass are shown in Fig. 6, and are 
based on the time-pressure drop relationship for a con- 
stant-rate filtration and for a constant-pressure fil- 
tration commencing at a pressure drop of 90 cm. of 
water. It is easily seen from Fig. 6 that the rate of 
change of porosity (and hence, the rate of loading) is 
similar for all differential elements within a constant- 
rate filter bed and is considerably more rapid than for 
any corresponding element in a constant-pressure bed. 
In the latter case, a considerable mass fraction of the 
entire pad undergoes a very slight change in porosity 
over the entire course of the constant-pressure period. 
Thus, this portion of the filter bed may be considered to 
be under a nearly constant load and would be expected 
to exhibit a creep effect of the type shown in Fig. 4. 

In a series of constant-rate filtrations with the red oak 
kraft and other pulps, flow rates were varied over a 
nearly twofold range with a corresponding variation in 
the rate of loading of about threefold. No significant 
differences in the calculated values of filtration re- 
sistance were found. Thus, it appears that the rates 
of loading were fast enough in the constant-rate ex- 
periments to minimize the effects of creep, with the 
result that filtration resistances calculated from these 
experiments showed no time dependency. It appears 
logical to assume that the higher filtration resistances 
experienced in the constant-pressure filtrations were 
due to magnification of a creep effect at relatively low 
rates of loading of the filter bed elements. 


529 


The use of filtration resistance per se will usually 
involve systems in which the total pad weight and cor- 
responding filtration times are relatively small, for 
example, in paper machine operation. The difficulties 
of interpreting the values of filtration resistance from 
constant-pressure experiments where time-dependency 
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Fig. 9. Correlation of freeness and filtration resistance 


appears to be an important variable are obvious. 
Hence, constant-rate filtrations, in which creep effects 
are minimized, is a preferred technique for determining 
the filtration resistance. The evaluation of specific 
surface and specific volume depends upon an analysis 
of the filtration data and compressibility measurements, 
in which creep effects are neglected. Again it is 
apparent that constant-rate filtrations give more re- 
hable results than could be obtained from a constant- 
pressure method. 

Finally, the speed, ease, and precision of the labora- 
tory determination of filtration resistance and its com- 
ponents are far greater in the case of a constant-rate 
method than for a constant-pressure technique. Exclu- 
sive of sample preparation time, complete definition of 
the filtration resistance-pressure drop function of a given 
pulp may be completed in about 15 min. from one con- 
stant-rate measurement. To obtain similar (but much 
less precise) information with a constant-pressure 
technique necessitates at least three separate experi- 
ments requiring about 1 hr. each. 


FILTRATION RESISTANCE 


The average specific filtration resistance of a number 
of pulps is shown as a function of pressure drop in 
Figs. 7 and 8. The filtration resistances have arbi- 
trarily been divided into a low range (Fig. 7) and a 
high range (Fig. 8). The low range indicates unbeaten 
and moderately beaten pulps while the high range 
filtration resistance curves include groundwoods and 
well or heavily beaten pulps. Data from both con- 
stant-rate and constant-pressure filtrations are in- 
cluded in these figures. 

The vertical position of any one filtration resistance 
curve is fixed chiefly by the specific surface of the pulp, 
filtration resistance being proportional to the square 
of the specific surface. The slopes of the filtration 
resistance curves are determined mainly by the pulp 
compressibility and effective specific volume, larger 
values of both variables tending to increase the rate of 
change of resistance with pressure drop. 
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A comparison of specific surfaces as determined from 
filtration data and measured by the silvering technique 
(14) is shown in Table III. With the exception of the 
oak pulp, the specific surfaces of the unbeaten pulps 


Table III. Specific Surface 


Silvering 
technique,” 


Calculated from 
filtration data, 


specific specific 
Freeness, surface, 5, surface, 
ml. S.-R. sq. cm./g. sq. cm./g. 
Unbeaten Pulp 
Spruce Mitscherlich 870 13,780 12,600 
sulphite 
Spruce sulphite 880 8,330 8,700 
Southern pine kraft 865 9,140 9,500 
Southern pine kraft 885 10,630 10,000 
(bleached) 
Douglas-fir kraft (second 870 10,170 9,700 
growth) 
Douglas-fir kraft (old 885 8,560 8,700 
growth) 
Northern red oak kraft 870 13,300 16,400 
Poplar soda 840 21,650 19,800 
Poplar soda (bleached) 815 23,100 23,000 
Beaten Pulp 
Douglas-fir kraft 780 27 , 800 31,500 
Douglas-fir kraft 620 33,700 36,300 
Spruce sulphite 620 29, 200 14,400 
Mechanical Pulp 
Southern pine groundwood 395 56 , 500 33 , 400 
Spruce-fir groundwood 390 63,000 40,700 


4 Average of three determinations by Analytical Dept., The Institute of 
Paper Chemistry. 


evaluated by the two methods agree within an average | 
of 5%. In the case of a moderately beaten long fibered 
pulp (Douglas-fir kraft) with very few fines, the two 
methods agreed reasonably well. However, a beaten 
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Fig. 10. Moisture content of filter bed of spruce sulphite | 
pulp 


spruce sulphite pulp and two groundwoods showed 
no agreement whatever, higher specific surfaces being 
exhibited for the filtration technique than for the sil- 
vering method. It must be concluded that the sil- 
vering values in these cases are spuriously low, since 
it is believed that no fiber property other than ex- 
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ternal surface area can account for the high filtration re- 

sistances shown for these pulps. Fines and fiber debris 
are known to cause difficulty in the silvering method 
(14, 15). The close check between the two meth- 
ods for unbeaten pulps with little or no fines gives 
support to the value used for the Kozeny constant for 
pulp fibers. Emerton and co-workers (16) reported fair 
agreement between unbeaten pulp specific surfaces 
determined by a permeability method (based on the 
Kozeny-Carman equation) and by the silvering tech- 
nique, and presented data to show that the silvering 
‘method yielded too low values for beaten pulp specific 
surface. 


Correlation with Freeness 


Freeness and drainage time testers were designed to 
provide an index of pulp filtration resistance. In 
Fig. 9, Schopper-Riegler freeness is correlated with the 
average specific filtration resistance of the pulps shown 
in Figs. 7 and 8. To make the comparison as favorable 
as possible, the filtration resistance at a pressure drop 
of 10 cm. of water was used since this is the initial head 
in the Schopper-Riegler tester. The freenesses of 
unbeaten pulps approach a limiting value of about 
890 ml. and in this high freeness range there is about a 
tenfold variation in filtration resistance for essentially 
the same freeness. In the freeness range of about 800 to 
200 ml., pulps with the same filtration resistance show 
a spread of freeness as great as 250 ml. One would ex- 
pect a good correlation of freeness and filtration resist- 
ance only for samples of the same pulp beaten according 
to the same schedule in the same refiner. Even in this 
case, the freeness test would still be almost completely 
insensitive in the high freeness range, and would tell 
little about the filtration resistance at some higher and 
perhaps more significant pressure drop. Clearly, the 
freeness test should be regarded, at best, as only a very 
rough and somewhat peculiar index of pulp filtration 
resistance. Campbell (/7) has pointed out the inade- 
quacies of freeness testers in the light of filtration 


| O37% 
La T 1 3 060 % 
CG p 8) Ss 


| 
D080% 


12 —_ =p <7 100% 


08 


FILTRATION RESISTANCE, R X 108 CM. PER GRAM 


90 100 le} 


°o 0 20 30 40 30 Ca 70 80 
FRICTIONAL PRESSURE DROP, off/og, CM WATER 


Fig. 11. Effect of slurry consistency on filtration resist- 
ance of spruce sulphite pulp 


theory, particularly in regard to the conditions of falling 
head, loss of fines, and neglect of pulp mat compressi- 
bility and moisture content. 


Pulp Filter Mat Moisture Content 
_ Before studying the effect of slurry consistency on 
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the specific filtration resistance, it was recognized that 
pulp filter mat moisture content data would be necessary 
for use in equation (2) at consistencies appreciably in 
excess of 0.01%. The following procedure was used 
for obtaining these data. 

Pulp mats formed in constant-rate filtrations were 
allowed to expand at the end of the filtrations. A per- 
meable piston was then inserted in the filtration tube 
so that its surface just contacted the face of the filter 


. bed. Pad thicknesses were then measured with a 


cathetometer as water flowed through the pulp mat at 
constant-pressure drops. These pressure drops were 
increased in steps of 10 cm. of water from zero to 100 cm. 
of water. When a pressure drop of 100 cm. of water 
was reached, the permeable piston was fixed in position 
at the pad face and the system was closed by shutting 
the cock valve and pinching off the water manometer. 
At this point, when the flow of water was stopped, the 
filter mat readjusted to some uniform porosity, but in 
doing so, the over-all moisture content of the pulp-water 
system could not change (since the effective specific 
volume of the pulp was unaltered). Water was then 
sucked out of the top of the filtration tube to the level 
of the permeable piston. The pulp mat was transferred 
to a tared container and dried to constant weight at 
105°C. The wet piston and wet septum were also 
weighed and corrections were made for any water 
introduced into the pulp pad from these sources. 
Knowing the moisture content of the pad at 100 cm. 
of water pressure drop, the moisture content at all 
lower pressure drops could be calculated from the pad 
thickness readings. 

Moisture content data obtained in this manner are 
shown in Fig. 10 for a bleached spruce sulphite pulp. 
The data shown there are the average of six determina- 
tions made from constant-rate filtrations with slurry 
consistencies from 0.01 to 0.2%. The average moisture 
content of the pads at 100 cm. of water expressed as m, 
the mass ratio of wet pulp bed to dry pulp bed, was 
14.55 with an average deviation from the mean of 3.5%. 

It is important to note that the moisture contents of 
the filter beds may also be calculated from values of 
the effective specific volume of the pulp and knowledge 
of the wet pulp mat compressibility. This may be 
done in the following manner. The average porosity 
of a pulp filter bed under a given frictional pressure 
drop is 


Cay if —UCay. (15) 


It can be show that the average filter mat concentra- 
tion, Cay, at some frictional pressure drop, AP,, is 


given by, 
AP f 
for" [a = v6 4/1 ap 
Sie, ae ae (16) 
if (iets ne) veld 


Cay, at a pressure drop of 100 cm. of water was calculated 
from equation (16) to be 0.0621 gram of pulp per ce. of 
filter bed. The average experimental value for c,, was 
0.0565 gram per cc. with an average deviation from the 
mean of 6.5%. The value calculated from equation 
(16) was within 10% of the experimental value, and 
this was considered good agreement. The effective 
specific volume of the bleached sulphite pulp as deter- 
mined from application of the differential form of the 
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Kozeny-Carman relationship to constant-rate filtration 
data was 1.67 cc. per gram of pulp. Using this value 
together with the calculated Cay, value of 0.0621 gram 
per ce. in equation (15) gives an average porosity €ay.; 
of 0.896. 

Water in the filter pad may be divided into two 
parts: water in the voids of the bed and immobilized 
water associated with the cellulose. The water asso- 
ciated with the cellulose is the difference between the 


effective specific volume of the fibers and the pycno-- 


metric specific volume of the fibers in water. Taking 
the pycnometric specific volume in water to be 0.62 ce. 
per gram (18), gives a value of the immobilized water 
associated with the cellulose of 1.05 cc. of water per 
gram of pulp. Then, for a unit volume of filter bed, 
the water in the voids is 0.896 gram (the average po- 
rosity) and the water with the cellulose is 1.05 X 0.0621 
or 0.065 gram. ‘This corresponds to a ratio of wet to 
dry pulp of 16.5, which agrees with the experimental 
value of 14.55 within 13%. 

The good agreement between the experimentally 
measured moisture content and the value calculated 
from equations (15) and (16) is taken as strong 
evidence supporting the accuracy of the effective spe- 
cific volume and the correctness of the Kozeny-Carman 
porosity function. Simiiar calculations could be made 
for other pulps at any desired pressure drop from con- 
stant-rate filtration data and wet pulp pad compres- 
sibility measurements. 


Effect of Slurry Consistency 


Constant-rate filtrations were made with the bleached 
spruce sulphite pulp discussed in the previous section 
over a slurry consistency range from 0.01 to 1.0%. 
The flow rates were reduced as slurry consistency was 
increased to maintain a filtration time of about 5 min. 
to reach a pressure drop of 100 em. of water. When 
the moisture contents, as shown by Fig. 10, are substi- 
tuted into equation (2), it can be seen that the water 
retained by the filter mat does not become an ap- 
preciable factor in the filtration calculations until a 
consistency of 0.1% is reached. Thus, the filtration 
resistances for slurry consistencies from 0.01 to 0.07% 
were calculated from the simplified equation (6), and 
for consistencies from 0.1 to 1%, equation (5) was used. 
The results of the constant-rate filtrations are shown in 
Fig. 11. No variation in filtration resistance was 
encountered for slurry consistencies of 0.01, 0.03, 0.05, 
0.07, 0.10, and 0.20%. Thus, the filtration resistance 
curve over this range of consistencies represents the 
averaged data for these six filtrations. ‘The average 
deviation of filtration resistance over a pressure range 
of 10 to 100 cm. of water for the six runs was 2.2%. 
This is greater than the error of less than 1% experi- 
enced for filtrations made at the standard slurry con- 
sistency of 0.01%, but it was found that the precision 
of the filtrations decreased as the consistencies were 
increased. The constancy of filtration resistance from 
0.01 to 0.2% was surprising since fiber flocculation was 
observed to commence in the filtration tube at a con- 
sistency of 0.03% and increased rapidly until at 0.2% 
consistency the entire slurry suspension was grossly 
flocculated into irregularly shaped fiber masses several 
inches in diameter. Apparently the fiber flocs were 
consolidated into a homogeneous pad as the filter mat 
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built up, with the result that there were no oversize: 
pores in the pulp bed to contribute to a lowering o 
filtration resistance. 

The data in Fig. 11 show a lowering of filtration 
resistance as the consistency is increased to 0.4, 0.6 
0.8, and 1%. On the average, over a pressure range 0 
5 to 100 cm. of water, filtration resistance decreasec 
about 25% for an increase in consistency from 0.2 te 
1%. This decrease in filtration resistance is considerec 
4 maximum for the particular pulp investigated, since 
it was observed during the filtrations that the fibe 
flocculation was at a maximum. The flow rates in th 
filtrations from 0.1 to 1% were in such a range that n¢ 
turbulence was present in the slurry suspensions and 
there was no fiber motion relative to the flow of water 
The turbulence in the constant head section of th« 
filtration tube caused by the introduction of slurry 
was localized at the point of entrance and was quickly 
damped out by the main body of slurry. 

Although no visual line of demarcation between the 
pulp filter mat and pulp slurry was present at consist 
encies above 0.1%, such a point exists provided slurry 
consistency does not exceed the zero compacting 
pressure pad concentration, i.e., the mat concentration 
at the pad face. The average experimental value of the 
zero pressure pad concentration, obtained in connectior} 
with the filter mat moisture content measurements 
was 0.023 gram per ce. The result obtained by extra. 
polation of the porosity distribution curves was 0.01 
gram per cc. The true filter bed concentration at it: 
face was probably intermediate between these values} 
Thus, at a slurry consistency of approximately 2% 
the process of water removal would be one of thickenin; 
instead of filtration. 

The amount of water retained by the filter ma 
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Fig. 12. Water removal at a table roll 


becomes a very important factor in calculating filtra 
tion resistance in the slurry consistency range of 0.1 t 
1%. The higher the slurry consistency, the more im 
portant it becomes to account for this water in thé 
filter mat. For example, had this water been neglecte¢ 
in the constant-rate filtration calculations at a slurn 
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consistency of 1%, the values of filtration resistance 
would have been 120% higher at 10 em. of water 
pressure drop and 35% higher at 100 cm. of water 
than those shown in Fig. 11. 


Application to Paper Machine Drainage 


Wrist (19) and later Hendry (20) considered water 
removal on the table roll section of a fourdrinier 
machine as a problem in filtration, and developed es- 
sentially similar drainage equations expressing the rate 
of water removal at a table roll chiefly in terms of the 
roll radius, machine speed, and total filtration resist- 
ance. Recognizing the importance of the pressure 
_ differential causing drainage, Wrist directly measured 
the suction at a table roll nip of a laboratory model 
machine over a speed range of 140 to 550 f.p.m. The 
experimental results agreed remarkedly well with those 
predicted by an approximate force balance in which 
the term of greatest magnitude was !/>(pu?), where wu is 
the machine speed. Thus, if one neglects the rela- 
tively small static head of the slurry on the wire, as a 
first approximation, the frictional pressure drop 
across the pulp mat as water drains into the table roll 
nip is given by this ‘‘velocity head”’ term. 

A simplified, and purposely exaggerated, sketch of 
the drainage area at a table roll is shown in Fig. 12. 
Assuming, as Wrist’s data would indicate, that drainage 
over the distance z is at constant pressure, an expression 
for the rate of water removal at a table roll may be 
developed as follows. The filtration rate equation 
[equation (1)] may be written for a small area per unit 
width of wire, 6x, and integrated over distance x to give, 


as BD, AP; 
SS BW av Re 


(17) 


where gq is the volumetric drainage rate per unit width of 

wire. The average basis weight of the pulp mat, W’,,, 

is defined as the arithmetic average of the mass of fibers 

in the filter bed per unit area entering and leaving the 

drainage area. Thus, 

Walt Wy 
2 


Wire = (18) 


Since the height of the nip, ./, is relatively small, the 
geometry of the system shows that, 


x? = 2a (19) 
where a is the table roll radius, and 

q Sud (20) 
Both equations (19) and (20) were used by Wrist (19) 
and by Hendry (20) in their development of drainage 
relationships, and the equations may be combined to 
eliminate the height of the nip, J, to give the drainage 
area per unit width of wire, x, in terms of measurable 
quantities: 


U 


2 = Eak (21) 
Substituting equation (21) in equation (17) gives: 
2a AP; Z 
¢= | lar (22) 
“This expression is equivalent to those given by Wrist 


-and by Hendry except for a numerical factor of fA. 
_ These authors also preferred to combine the viscosity 
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of the filtrate and the average specific filtration resist- 
ance into a total resistance term. 

Since the average specific filtration resistance, R, is a 
function of the pressure drop, and, as found by Wrist, 
AP;='/o(pu?), then filtration resistance is indirectly a 
function of machine speed, uw. Knowing the frictional 
pressure drop across the sheet for a given machine 
speed, equation (22) may be used in connection with 
paper machine drainage data to calculate the average 
specific filtration resistance of a pulp by evaluating 
W’... from equations (2) and (18). Wrist showed the 
total drainage resistance as a function of the calculated 
sheet weight over the table roll section of a fourdrinier 
machine, and argued that the nonlinearity of the re- 
lationship precluded the concept of a specific filtration 
resistance. However, his data show that the increase 
in average specific filtration resistance along the table 
roll section was only about 15%. Most of this increase 
in resistance was probably due to a greater retention 
of fines as the sheet thickness increased. 

Once the validity of paper machine drainage rela- 
tionships such as given in equation (22) can be es- 
tablished, and knowledge of the suction at a table 
roll is explored over wide ranges of machine speed, 
the utility of the relationships will depend primarily 
on the ability to obtain laboratory evaluations of pulp 
filtration resistance. There would appear to be con- 
siderable promise to the concept and measurement of 
an average specific filtration resistance as discussed in 
this paper. 

When measured on a whole pulp at a slurry con- 
sistency free from flocculation effects, filtration re- 
sistance may be defined as the maximum possible value 
to be expected on the machine wire. The related 
effects of pulp flocculation and loss of fines experienced 
in actual machine operation will result in lower filtration 
resistances which will probably be primarily a function 
of the individual paper machine operating variables. 
The influence of these important variables can probably 
be best interpreted in the light of the laboratory defined 
and measured maximum filtration resistance. Fur- 
thermore, the three important pulp properties of 
specific surface, specific volume, and compressibility 
serve to define completely a maximum filtration re- 
sistance. Knowledge of the influence of these physical 
properties on ultimate sheet strength may assist in the 
selection of optimum pulping and refining conditions 
that represent a maximum development of strength 
for certain desired levels of filtration resistance. 
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Quantitative Studies of Water Removal by Table Rolls 


W. E. BENNETT | 


The lengths of fourdrinier tables have not increased in 
step with increases of machine speed. Consequently 
forées other than those due to gravity act to produce 
drainage, Measurements of machine operating condi- 
tions, with stock tests, backwater flow rates and con- 
sistencies were taken on a medium speed machine making 
newsprint. Thirty-four such sets of data were obtained 
in the course of a wire life and from them the complete 
machine flow sheets calculated for various operating condi- 
tions. Multiple linear regression analysis was used to 
find the effect of a change of wire speed, temperature, 
consistency, freeness, and other empirical stock tests on 
drainage at different parts of the table. Speed had the 
largest effect, acting on the first part of the table. Tem- 
perature affected the last part of the table and measured 
stock properties had little influence over the range of the 
experiment. A theory by Wrist predicts large suction 
forces at high speeds in the nip of a table roll. These 
forces were confirmed experimentally and used to inter- 
pret the statistical analysis. Drainage is not a gentle, 
continuous process but is caused by short slugs of suction 
and this fact must be considered when devising empirical 
stock tests. 


THE papermaking machine now called the four- 
drinier originated at the time of the French Revolution 
and in a remarkably short time the essential features, 
as we know them today, had been developed. It is 
easy to forget, when looking at our huge modern ma- 
chines, that there has been no fundamental change of 
design during the last century. The size and operating 
speeds of machines have increased gradually and this 
development has been governed by mechanical and 
electrical engineering considerations and the accumu- 
lated experience of papermakers. Changes have been 
tentative and empirical rather than as the result of 
calculation, for very little is known about the drainage 
of stock on the fourdrinier table which is of value to 
a designer. The position is rather like that of a man 
trying to design a steam locomotive without any 
knowledge of the theory of heat engines or the proper- 
ties of steam. 

Some of the problems become apparent when the 
historical development of the machine is considered. 
The Bryan Donkin machine of 1808, generally regarded 
as the first to be operated as a commercial success, 
had a wire 25 ft. long and could be operated at speeds 
of up to 37 f.p.m. Speeds have increased fiftyfold 
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since that time and yet the length of the wire has only 
increased by a factor of 3 or 4. This fact is sufficient | 
to suggest that drainage of stock on the wire is caused | 
by something more than gravity forces. The drainage 
time in the standard handsheet machine does not de- 
pend upon whether the sheet machine is at rest or is 
moving horizontally at 20 m.p.h. If we could imagine 
a newsprint machine with a perfectly horizontal but | 
unsupported wire between the breast roll and the couch | 
it would have to be several hundred yards long if it | 
were to travel at 1500 f.p.m. The very fact that it is 
supported by table rolls makes it possible to use a rela- 
tively short wire. This simple argument has over- | 
looked the effect of suction boxes but even allowing for | 
them it seems that table rolls have two functions. They — 
support the wire and also extract water at the higher 
speeds. 

Water extraction can be too fast at the early rolls of | 
afast machine. In an attempt to get the stock further | 
down the wire and help formation it has been found | 
necessary to introduce grooved table rolls, dandy-type — 
table rolls, forming boards, and in some cases to remove | 
a table roll altogether. | 

Another problem is that of predicting how a stock — 
will behave on the wire on the basis of empirical tests | 
such as freeness. On slow machines the freeness of | 
the stock is often the criterion of operating speed but | 
at higher speeds freeness becomes a less satisfactory | 
concept. Indeed it is the experience of more than one | 
newsprint mill to have put up the speed of their ma-. 
chines and yet work with a ‘“‘wetter’’ stock as measured | 
by freeness. | 

These facts are sufficient to show that drainage on 
the wire is not a simple process and needs careful study 
if useful information is ultimately to be provided for 
the design of new machines. The physics of water 
removal is being studied by the staff of the British 
Paper and Board Industry Research Association and 
this paper is an interim report of the work. 


EXPERIMENTAL WORK 


There are two main questions to answer: (1) how 
is water removal influenced by the construction and 
operation of the wet end, and (2) can water removal be’ 
predicted from a knowledge of stock properties? 

It was decided to begin the work by taking a series 
of measurements on a papermaking machine rather 
than to attempt to dissect the problems for study in 
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the laboratory, as the latter approach offered too many 
blind alleys. All the work has related to newsprint 
manufacture and the interest has been in water removal 
alone, not in formation. 

In 1937 Scott (1) reported a series of measurements 
of drainage from the table rolls and suction boxes of 
a newsprint machine and this work was taken as a 
model. Our experiments were carried out at the 
Grimsby, England, mill of Peter Dixon & Sons Ltd., 
on a machine running at about 700 f.p.m. 

_ A metal trough, 1 ft. wide, was fitted under the wire 
to the machine frame. It ran from the breast roll to 


Fig. 1. Collecting trough fitted to machine frame 


the suction boxes and was compartmented so that the 
flow from each roll could be collected and metered sep- 
arately. Figure 1 shows a section of this tray with 
baffies erected between the rolls. The 21 table rolls 
are situated about 12 in. apart and are 7 in. in diameter. 

A set of measurements comprised the flow, consist- 
ency, and ash content of the discharge from each roll 
and suction box except for the breast roll and first 
table roll where the flow could not be separated. The 
flow through the suction boxes was measured by a 
chemical dilution method and the extraction at the 
couch was estimated from a knowledge of the basis 
weight and moisture content of the web before and 
after the couch. Samples were taken from the flow 
box, headbox (thick stock) and pit, and on these, meas- 
urements were made of consistency, ash content, pH, 
freeness, and fiber length index wherever possible. 
The operating conditions of the machine were recorded, 
including wire speed, suction box vacuum, stock height, 
slice opening, stock temperature, and power consump- 
tion. 

The experimental methods will not be described in 
detail as they will be found in a previous paper (2). 
Ideally, all the machine measurements had to be made 
simultaneously but in fact they took about 20 min. 
using a team of seven to ten observers. The stock 
tests took 2 to 3 hr. to complete. For some of these, 
rapid methods had to be developed. Some tests had 
to be reluctantly ruled out because of time considera- 
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tions, for instance fiber fractionation and aluminum 
ion concentration of the fibers. The limitation of 
accuracy was that of the flow measurements and all 
other determinations were made to at least this preci- 
sion. 


These measurements were done at least once a day 
throughout the life of a wire and 34 sets were obtained 
for the first experiment. No attempt was made to 
influence the operation of the machine and throughout 
the experiment paper was being made in the usual way. 


The ranges covered by the readings were: wire 
speed 609-692 f.p.m.; consistency in flow box 0.67— 
0.88%; Canadian Standard freeness in flow box 43-59; 
temperature 25-38° C., and flow from all table rolls 
92-116 imperial gal. per ft. width per min. 


MATERIAL BALANCE 


Since it was intended to do a considerable amount 
of analysis of the results, a check on the possibility of 
occurrence of gross error was necessary. This could 
be done by collecting the results in tabular form so that, 
say, the drainage from roll 11 could be easily checked 
by eye from one run to the next. However, instead of 
merely reporting the measured quantities, they were 
transformed into rates of flow of water and solids at 
all points of the machine. This allowed various checks 
to be made, a balance of materials to be struck. 


A simplified flow diagram for the machine is given in 
Fig. 2 and it is seen that, assuming no loss of solids 
from the sheet in the drying and press sections, the 
moisture-free basis weight and the reel speed will 
give the rate of production of solids at the couch. 


The weight of solids leaving the couch plus an as- 
sumed value for the extraction rate at the couch give 
the weight of solids approaching the couch. For each 
suction box and table roll the rate of extraction of the 
backwater and the consistency of the water at each 
point give the solids extracted by the boxes and rolls. 
The solids extraction rates can now be accumulated up 


MIXING PUMP 
BREAST BOx 


CALENDERS 
DRIERS 
PRESSES 


A WEIR. 
[oe eee np meee 
Fig. 2. Flow diagram 


TO EXCESS WATER TANK 


the table, giving the weight of solids in the stock on the 
wire at any point. 

An average value for the moisture content of the 
sheet on the wire approaching the couch and the solids 
in the sheet at this point gives the weight of water in 
the sheet, and, in a similar manner to that for the solids, 
the backwater extraction rates are accumulated, giving 
the total water on the wire at all points. 


Owing to the mechanical construction of the couch 
it was not possible to measure the water extraction by 
the method used for the suction boxes, hence the as- 
sumptions in the procedure outlined above. 

Ash content determinations on the consistency sam- 
ples have been used as a measure of the clay content at, 
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points on the machine. The calculations are similar 
to those using backwater consistencies. 

From Fig. 2 it can be seen that certain values can 
be checked. For example, the water approaching the 
breast roll is equal to the water leaving the slice which 
can be determined from a knowledge of the slice open- 
ing, the height of the stock in the flow box, and a slice 
discharge coefficient. Also the consistency of the 
backwater measured in the pit is equal to the mean roll 
extraction consistency weighted by the appropriate 
flow rates. A similar check exists for the individual 
and combined suction box backwater which can be 
sampled as it passes through a weir box. 


A third check used on the data is that if the con- 
sistencies of the stocks entering and leaving the mixing 
pump are known and, in addition, if the rate of flow 
from the pump is known, then this rate can be divided 
in the correct proportions into the flows from the head- 
box and the pit. The pit flow calculated by this means 
should equal the total extraction rate of the table rolls 
and thé flow from the headbox should equal the rate 
of flow of water on the wire leaving the last table roll. 
Similar checks can be made with the solid and ash 
flow rates. 


These checks should be exact for an ideal system 
with no measuring error. This state of affairs does 
not exist in practice and these values are given in the 
tables only as checks against gross errors. 


Table I is an example of one of the 34 sets of readings 
expressed in the form described, together with some of 
the associated measurements of stock and machine 
conditions. 

The first column gives the position on the machine 
at which the measurements were taken (see Fig. 2) as 
follows: 


MP HB..........Headbox stock entering mixing pump 

IMU 2 eats Bee chee Table roll backwater from pit entering mixing 
pump 

Bbw ce pie ee ee Breast box 

BR + R1 .. Breast roll plus roll 1 (owing to space limita- 
tions these positions had to be measured 
together ) 

R2-R21 .. Roll 2 to roll 21 

DE A co dog Table roll backwater 

S1-86............Suction box 1 to suction box 6 

Weir.............Suction box backwater (total) 

Couch 

Press 

Reel 


Columns A and B give the rate at which solids are 
approaching each part and the rate at which the solids 
are being extracted in the backwater from each part. 
Similarly, C and D give the weight of the ash which is 
used as a measure of the clay content. Columns 
E and F give the volume rates of water approaching 
and discharging for the table roll section and the weight 
rates for the suction boxes and onward. 

The first part of column G is the height of the stock 
on the wire approaching each roll and the latter part 
is the extraction rate in gallons per minute for the whole 
width of each suction box (13.2 ft.). All the values 
of flow rates in columns A to F are reduced to an ay- 
erage foot width of the machine. 

The discharge consistencies in columns H, I, and J 
are defined as the weight of material in 100 ml. of stock 
or backwater. The ash consistency is obtained from 
the pads formed during the total solids consistency 
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determination and the fiber consistency by subtraction 
of the ash from the total solids. 
The following general points should be noted: 


1. Values in italics are assumed values, e.g., single consistency 
determinations lost have been filled in by interpolation. 

2. Values in brackets are obtained by calculation from the 
data and give a check against gross error of the measured values 
which are given immediately above the ones in brackets. 

3. The symbol indicates an arithmetic total of the column 


above it. 


It is seen that the drainage rate decreases rapidly 
over the first few rolls and then more slowly as filtration 
is retarded by the forming sheet. Roll 1 removes about 
2!/, times as much as does roll 2 and this roll removes 
as much as do the last six rolls on the table. 

A peculiar feature of the averaged drainage behavior 
of the rolls is that 4, 16, and 19 take out more water 
than is expected. In the particular run instanced, 
roll 15 removes 2.27, roll 16 removes 2.36, and roll 
17 removes 2.16 gal. per min. per ft. width. This is 
not just a random variation for the effect was noticed 
in experiments carried out nearly 2 years later and was 
not affected by trimming the roll and even replacing it. 
No certain explanation has been found but it is possibly 
due to waves of vibration propagated along the wire 
from the suction boxes. 


METHODS OF ANALYSIS 


In an experiment of the type described the measured 
drainage rate will be influenced by many factors and 
the object of the analysis must be to show the separate 
influence of these factors on drainage. This is, i} 
theory, possible by statistical techniques but practical 
considerations limit the number of factors which can 
be analyzed at any one time to six or eight. Graphical 
methods become far too cumbersome. 


Dot Diagrams 


Consider the 34 measurements of drainage rate 
at, say, roll no. 2. Figure 3 shows the drainage 
rate, Q, plotted against the corresponding values for 
the consistency on the wire, P, at roll 2, and the 
dots indicate that a correlation exists between Q and 
P, ignoring the effects of other variables. However,| 
Fig. 4 shows a high correlation between Q and V 
(speed), and Fig. 5 shows a high correlation between V' 


Figs. 3-5 (top) and 6-7 (bottom). Dot diagrams of rela- 
tions between drainage Q, consistency P, and speed V at 
second table roll 
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and P. The latter is, of course, a consequence of the 
actions of the machine operator trying to keep a steady 
sheet weight. This leads one to suspect that the cor- 
relation in Fig. 3 may be due not only to a direct de- 
pendence between drainage and consistency but also 
to the manner in which, in the data, changes in con- 
sistency follow those of speed, and if speed variations 


Table I. 


could be allowed for the relationship might be quite 
different. There are graphical methods of carrying 
this out (3) and the relationships between consistency 
and drainage, with speed variations eliminated, and 
between speed and drainage, with consistency varia- 
tions eliminated, are shown in Figs. 6 and 7. The cor- 
relation between drainage and consistency has mostly 


Example of Flow Data Sheet for All Points on the Fourdrinier 


Cc D E F G H I J 
: Total solids, Water, Head on wire, Discharge 
" lb./min./ft. width lb. (min. ey width go (mee /ft. width tt consistencies, % 
Stock Back Stock Back Sto Back Stock 
on wire water on wire water on ne water on wire T otal 
approaching discharged approaching discharged approaching discharged approaching solids Fiber Ash 
MP HB 6.23 ses 0.64 40) 33 3.07 2.76 0.313 
MP Pit 5.68 Be 1.67 117.3 0.407 0.258 0.149 
BB ae re he tes 0.799 0.634 0.165 
f (0.866) (0.698) (0.168) 
BR + Rl 11.91 1.185 2.31 0.416 137.6 26n0 0.0324 0.447 0.290 0.157 
R2 10.72 ONG1Z 1.89 0.216 abil 13.5 0.0262 0.453 0.293 0.160 
R3 10.11 0.369 1.68 0.137 97.6 8.61 0.0230 0.429 0.270 0.159 
R4 9.74 0.288 1.54 0.108 89.0 6.95 0.0210 0.414 0.258 0.156 
R5 9.45 0.229 1.438 0.087 82.1 D200) 0.0194 0.417 0.259 0.158 
R6 9.22 0.187 1735 0.071 76.6 4.66 0.0181 0 401 0.249 0.152 
R7 9.04 0.170 1.28 0.065 71.9 4.03 0.0170 0.421 0.259 0.162 
R8 8.87 OL152 el 0.060 67.9 3.57 0.0160 0.426 0.259 0.167 
RY 8.71 0.1382 iets 0.052 64.3 3.16 0.0152 0.417 0.254 0.163 
R10 8.58 0.125 it AKG) 0.048 oil il 3.16 0.0144 0.397 0.244 0.153 
Rll 8.46 0.118 1.05 0.047 58.0 3.01 0.0137 0.393 0.238 0.155 
R12 8.34 0.109 1.00 0.042 55.0 2.81 0.0130 0.388 0.238 0.150 
R13 8.23 0.099 0.96 0.039 52.2 2.58 0.0123 0.385 0.233 0.152 
R1i4 8.13 0.094 0.92 0.037 49 6 2.46 0.0117 0.384 0.232 0.152 
R15 8.04 0.087 0.89 0.035 47.1 2.27 0.0111 0.383 0.231 0.152 
R16 ADS 0.092 0.85 0.038 44.9 2.36 0.0106 0.390 0.230 0.160 
R17 7.86 0.084 0.81 0.035 42.5 2.16 0.0100 0.388 0.228 0.160 
R18 GAG 0.076 0.78 0.031 40.3 1.99 0.0095 0.383 0.227 0.156 
R19 TEC, 0.072 0.75 0.030 38.3 1.86 0.0090 0.385 0.226 0.159 
R20 7.63 0.073 0.72 0.031 36.5 1.93 0.0086 0.380 0.219 0.161 
R21 Ft DS 0.065 0.69 0.026 34.5 ills 745) 0.0082 0.374 0.223 0.151 
Pit «4.42 el .65 «104.8 0.407 0.258 0.149 
(0.422) (0.265) (0.157) 
Total 
Water, S.B. flow, 
lb./min./ft. width gal./min. 
$1 7.49 0.210 0.66 0.101 328.0 97.7 129.0 QFAss 0.112 0.103 
$2 7.28 0.042 0.56 0.026 230.3 47.8 63.1 0.087 0.032 0.055 
$3 7.24 0.078 0.53 0.040 182.5 55:2 72.9 0.141 0.069 0.072 
$4 (EAN 0.036 0.49 0.020 127.3 43.3 Sail 0.082 0.036 0.046 
$5 fps 0.016 0.47 0.009 84.0 Pal Th 28.6 0.072 0.031 0.041 
S6 ela) 0.006 0.46 0.004 62.3 Phat 10.2 0.084 0.036 0.048 
Weir 0.387 0.199 «273.4 360.9 0.147 0.074 0.073 
Couch 7.10 0.01 0.46 0.01 54.6 Daye Uh (0.142) (0.069) (0.073) 
Press 7.09 0.45 30.9 
Reel 7.09 
Stock Tests: SB ss 
(C.S.F., 136° S.B.3, 2.5 
SRe, 60.4° Back side pressure, in. Hg{S.B.4, 3.2 
Headbox, IDE T., 16.0 sec. B SeBiD or 
\F.L. es 125 mgm. 5 B.6, 3.6 
(C.S.F., 49° Conca ae 
JS.R., AG oa After couch moisture content, 81.35% 
How box WD Si 56. 15 sec: After couch ash content, 6.32% 
|F.L.1., 77 mgm. Wire: 
Flow box: Hours run, 483!/2 hr, 
Height of stock, 20.25 in. Speed, 681 f.p.m. 
Slice opening, 0.488 in. Set line, R12-R13 
Slice flow (C = 0. 9), 142.7 gal./min./ft. width Dry line, 82-83 
Temperature, 36.7°C. Reel: 
eRe 19.5 ml. Basis weight (moisture-free), 48.71 g./sq. m. 
pa: Speed, 711 f.p.m. 
Pit: Power consumption: 
pH, 4.9 Supply voltage, 239.2 volts 
Suction Boxes and Couch: Screens, 18.6 amp. 
S.B.1, 0.95 Suction box vacuum, 62.6 amp. 
S.B.2, 0.93 Mixing pump, 62.2 amp. 
; S.B.3, 1.25 Excess water and sprays, 70.0 amp. 
‘Front side pressure, in. Hg{8.B.4, 2.30 Couch vacuum, 294 amp. 
8.B.5, 3.85 Press vacuum, 257 amp. 
S.B.6, 4.30—4.50 Lickup vacuum, 124 amp. 
Couch, 16.6 Machine drive, 1030 amp. 
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disappeared, showing that the apparent relationship 
shown in Fig. 3 was due to the influence of speed. 
The speed-drainage relationship is as strong as before. 
This treatment of dot diagrams can be extended to 
further factors; temperature, for instance, could be 
eliminated and as the process continues certain of the 
relationships are likely to strengthen, others to become 
more diffuse. But it is a very tedious business and is 
unnecessary, as the results can be calculated without 
the aid of diagrams. 


Regression Analysis 


It appears that the relationship between speed and 


drainage shown in Fig. 7 could be expressed by a 
straight line through the points, of the general form 


y=a+ bz 


The deviations of the points from this line will be the 
result of unconsidered factors and errors of measure- 
ments. The line of best fit or regression line can 
be calculated and is obtained by minimizing the sums 
of squates of the deviations of the points from the 
regression line. This condition is satisfied when 

ey) 

za? 

where > means “‘the sum of,” and b is then called the 
regression coefficient. 

The deviation of an individual value y from the mean 
value for the set, 7, can be regarded in two parts, the 
deviation of y from the regression line, yz, and the de- 
viation of the corresponding ordinate on the regression 
line from the mean value, y,, and it can be shown that 


zy? = Ly? + Zya” 


This apportioning of the variability of the readings as 
being partly due to the regression line and partly due 
to the deviations about the regression line leads to a 
test of significance for the regression coefficient. The 
coefficients of the regression line calculated from the 
34 points have definite values but they are only to be 
taken as estimates. If another similar set of data was 
available the coefficients would be different. Signifi- 
cance tests are used to establish that the value of a 
coefficient is really different from zero and to find the 
probability that it will lie between certain limits. 
The ratio of Dyq? to Ly.”, weighted by the corresponding 
degrees of freedom, is a measure of the significance of 
the regression coefficient. In alternative language, if 
the scatter of the points about the regression line is 
high the relationship implied between the two factors 
is of doubtful accuracy and there is perhaps little 
point in looking for a physical explanation of the equa- 
tion. 

The procedure for simple linear regression can be 
extended to cover more than two factors, and is then 
known as multiple linear regression, the values being 
partial regression coefficients. The prediction equa- 
tion is of the form 


y=at biti + bore + ... dbytp 


and, as before, to find the partial regression coefficients 
b,, be, ete., it is required to minimize the sums of the 
squares of the deviations of the points from the multiple 
regression, 1.€., 

X(y — bia, — bore — ... — br&p)? 
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This entails solving a set of p simultaneous equations, 


by Dax? a be D222 oo eae a bp LXxiXLp 
by Dx. + boda? + ... + bpZXerp 


il 
M 
5 
<< 


by DxLp + beDaory + ... + bDpLAXy? = Lapy 


for the partial regression coefficients by, be. . .D». 

The most convenient way of doing this is to calculate 
an inverse matrix and a skilled computer with a desk 
machine can compute and check a multiple regression 
of six factors in about 3 hr. 

These remarks can only indicate the methods of 
regression analysis, their uses and limitations. For} 
details, reference should be made to standard textbooks 


(4). 
SOME RESULTS OF THE ANALYSIS 


As a first step the flow from each table roll was con- 
sidered separately and the relation between drainage | 
rate and six of the machine and stock conditions was 
estimated for each of the 21 table rolls in turn, using 
multiple regression analysis. The results are shown in 
Table IT. 

Six factors were chosen: wire speed, temperature, 
flow box consistency, Canadian Standard freeness, | 
sheet machine drainage time, and fiber length index. 
The figures in the columns are not the actual regres- 
sion coefficients which are required for the prediction 
equation mentioned in the last section, but are expressed 
as proportions of the mean, 1.e., each give the per- 
centage change in drainage rate resulting from a 1% 
increase of the variable at the head of the column. 
Coefficients which differ significantly from zero are 
marked with one or two asterisks, denoting significance 
at the 5 or 1% level. The values without an asterisk 
are insignificant and this means that, as far as can 
be judged from the data by this particular analysis, 
they have no real effect on drainage. The last column 

| 


is a measure of the variability of the drainage readings, 
expressed as a coefficient of variation, which is unac- 
counted for after taking out the influence of the factors. 
This is made up of the sampling error and the average 
experimental error of measuring flow, the latter being 
between 2 and 21/.%. Where it differs greatly from 
this, as in the case of roll 3, either the flow measurements 
at roll 3 were subject to errors greater than the average, 
or some factor influencing drainage, other than the 
ones considered, was at work. It is believed that the 
flow measurements were responsible. 

The lower the residual coefficient of variation, the 
more likely it is for a factor to show up as significant. 
According to the table, the most important single fac- | 
tor is speed. There is a significant effect at most of the 
early rolls and it is probable that the effect at rolls 
3, 4, and 5 would be significant if it were not for the 
high coefficients of variation. 

The effect of temperature is mainly shown from roll 
10, onward, a rise of temperature producing a faster 
drainage. 

The effects of the other four factors are less apparent. 
Flow box consistency has insignificant effects at every | 
roll, although the fact that most of them are negative 
indicates a bias as a whole and it is likely that consist- 
ency has an effect but is too small to be detected in 
the present data. Similarly sheet machine drainage 
time has a series of negative values over the second 


Vol. 37, No. 11 November 1954 - TAPPI 


Table I. 


Drainage Rates from Table Rolls—Effect of Machine and Stock Variables 


Mean Drainage F.L. mie ites 
Roll rate of Temperature, C.S-F Speed, time, index, Consistency, of variation, 
no. flow P, F V G I iE 0 
1 31.7 0.354 0.060 —0.210 0.302 0.043 —0.523 4.4 
2 12.7 0.164 0.352 2.7692 —0.006 —0.016 — O59 5.2 
3 8.25 0.994 0.680 1.328 0.365 —0.296 —1.102 9.9 
4 7.09 —0.547 0.286 2.311 0.236 0.039 0.301 6.6 
5 5.38 0.579 0.139 1.429 0.048 0.286 —0.023 6.9 
6 4.74 0.024 0.118 2.0412 0.079 0.044 —0.041 etl 
7 4.16 2.44 0.076 1.326¢ 0.112 0.142 —0.079 B51 
8 3.83 —0.221 0.322° 1.6842 0.177 —=0. 051 S120 3.5 
9 3.41 0.307 —0.290° —0.449 —0.308? 0.169 0.328 3.1 
5 10 2.98 0.4842 0.159 Ih ila —0.001 —0.138 —0.289 2.8 
fel 2.75 0.5922 0.4862 Pels32 0.047 —0.006 —0.384 3.6 
12 2.71 0.422% —0.001 0.9392 == OF Zit —0.152 —0.412 3.4 
= 13 2.50 0.198 —0.007 0.8412 —0.108 0.005 0.012 3.0 
14 2.41 0.469% 0.032 —0.246 =), Usi7/ 0.039 —0.007 3.0 
15 2.19 0.5602 0.165 0.287 —0.035 —0.079 —0.201 Pict 
16 2.37 0.350 —0.098 —0.092 —0.219 —0.078 —0.048 3.8 
We 2.12 0.302 —0.090 0.513 —0.089 0.034 0.085 3.2 
18 2.00 0.621% 0.118 —0.195 —0.023 —0.010 —0.268 4.7 
19 2.06 0.174 0.096 0.986 —— Ona —0.092 —0.532 4.0 
20 1.85 0.624 0.254 —0.461 —0.063 0.179 0.110 4.3 
21 ibs: 0.7442 0.155 —0.257 —0.229 —0.343 —0.502 3.9 
Total 109.0 0.328% 0.194 0.8952 0.089 —0.035 —0.365 2.2, 


? Significant at 1% level. 
6 Significant at 5% level. 


half of the table, leaving one to suspect a relationship 
without being able to prove it. Freeness has eight 
positive coefficients at the beginning of the table, all 
but one insignificant, suggesting that at this part of 
the table, if at all, freeness would be effective. Fiber 
length index appears to be without effect over the whole 
table. 

All these facts suggest that, as the sheet travels down 
the wire, the drainage process passes through two or 
more phases and that one factor will be important over 
a group of rolls but not at others. A more simple pic- 
ture would be obtained if instead of studying the effects 
of the rolls individually, they were grouped together. 
This has been done in Table III. The spacing of the 
rolls shown in the table is for convenience. On the 
machine they were spaced evenly. The average rates 
of flow of the groups of rolls are denoted by the areas, 
which are roughly the same, except that for the breast 
roll and roll 1 together, which is twice as great as the 
others. Roll 3 has been omitted from this table be- 
cause of its anomalous behavior. 

THEORIES OF DRAINAGE AND THE EFFECT OF 
SPEED 


The analysis has shown that by far the largest factor 
influencing drainage is that of speed. At roll 2, an 
increase of speed from 650 to 715 f.p.m., i.e., of 10%, 
produces an increase of drainage of more than 20%. 
The effect is strong at the early rolls and decreases 
toward the drier end. For a constant consistency in 
the flow box, as the speed increases, the consistency 
achieved on the wire will actually increase at the early 
rolls but it becomes more difficult to extract the water 
at the later rolls. Considering the table as a whole, 
an increase of speed results in about the same percentage 
increase in drainage. The results show that water 
does not drain by gravity, or at least that this is not 
the major effect. 

Consider the 1/2 in. of stock on unit area of wire 
leaving the slice and assume, when that area of wire 
arrives at the suction boxes, all the water has drained 
away as the result of gravity forces. If the speed is 
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now increased by a small increment, that element of 
area now reaches the suction boxes in a shorter time, 
all the water has not drained away and some is carried 
over to the suction boxes. At the high speed the drain- 
age into the pit from any single area of wire will be less 
than at the low speed. However, in any given time 
interval, at higher speeds more elements of area will 
pass the slice and the drainage from these extra elements 
will more than compensate for the water carried over 
to the boxes. Therefore as the speed goes up more 
water is drained into the pit, but the rate is considerably 


Table III 


| HOW PULP AND MACHINE CONDITIONS 
| AFFECT DRAINAGE AT VARIOUS STAGES 
| ALONG THE WIRE 


: “BREAST ROLL ou os ROLLS ss ROLLS 
: 4 g 


I “CONTRIBUTION | : 
_ TO DRAINAGE 
AT EACH STAGE 


Seemed 
INCREASING nF By 10%, INCREASES 
mats THESE % { 

_ THESE VARIABLES | lal DE 
yeaa: i 1 ' CREASES 
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less than a direct percentage. A consequence therefore 
of gravity drainage is that if the speed increases by 10% 
the water drained into a pit will increase by something 
much less than 10%. Yet the analysis shows that a 
10% increase of speed results in a 25% increase of 
drainage at roll 2. 

The only theory of drainage published at the time 
when this experiment was carried out was that due to 
Cowan (5) which was essentially a gravity theory. 
Boyd Campbell (6) pointed out that the hydrostatic 
leg and surface tension forces in the nip had been 
neglected but even when the theory was modified it 
would not explain the fact that drainage at the early 
rolls goes up sharply with speed, nor other facts. 

Wrist saw the problem as dynamic and produced a 
theory which brought in centrifugal forces. This 
theory will not be discussed in detail as it has been re- 
cently published (7) but the most striking fact about 
it is that it predicts that the suction force at the nip 
ofa table roll increases with the square of the speed on 
all but,slow machines. 

The expression for the suction force is 


eee (re) 
on o 02 ef ph g r 
where 


V is the speed 

p is the density of fluid 

T is the surface tension 

o is the radius of curvature of nip surface in vertical plane 


his the reduction of head of fluid on the wire on passing over a 

r eae radius of the table roll 
Of these three terms the first relates to centrifugal 
forces, the second to surface tension forces, and the 
third to hydrostatic forces above and below the wire. 

The first term is very much greater than the others 
at high speeds and is independent of roll diameter or 
position on the table. The magnitude of the other 
terms varies from roll to roll, but for practical purposes 
it can be said that the suction at all table rolls depends 
only on speed and density. 

The water extracted by a roll, however, depends upon 
the diameter. A small roll will suck as strongly as a 
large one but the latter will extract more water because 
of the larger nip over which the suction can operate. 

An experimental check of the theory has been made. 
Water was run from a flow box onto a wire above a 
table roll and the first attempt was to insert a pitot 
tube into the water nip. The water curtains were too 
unstable. Then a very simple and effective method 
was found. A small perforation was made in a thin 
sheet of rubber giving access to a manometer. The 
sheet was placed on the wire over the roll and the water 
entrained underneath by holding up the leading edge, 
i.e., the edge nearest to the slice. When the perforation 
was at about the top dead center of the roll no pressure 
was registered. For about half an inch downstream 
there were large suction forces and upstream a small 
positive pressure was recorded. 

Figure 8 shows the results of some measurements at 
different speeds and with different roll diameters, 
using a more refined technique. Points are not shown 
on the curves, for the sake of clarity, but about 20 
points defined each curve and the deviation was not 
more than 1/4 in. The increasing suction with speed 
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Fig. 8. Suction at table rolls | 
suggests a square law dependence. If the table rol. 
is restrained so that its surface speed is less than that o° 
the wire the suction force is reduced and if the roll is 
stopped, the suction reaches about half the norma’ 
value. 

The length of wetted nip over which drainage takes 
place increases with the diameter of the roll and it 
depends upon the resistance of the web above the wire’ 
At the early rolls the area of drainage may extend fo! 
an inch on the downstream side but at the last roll ; 
is very small indeed. In the case of the newsprin 
machine on which the experiments were made, the suc- 
tion in the first box was about the same as that devel- 
oped at the last table roll, 2!/, in. of mercury, and yet 
the suction box removed about six times as much water 
The reason is that, in the case of the roll suction op: 
erates over about !/s in. only, after the roll. 

A reasonable figure for the average length of a wettec 
nip would be '/2 in. Thinking of a machine going at 
600 f.p.m. with 24 table rolls, each spaced 1 ft. apart 
the total length of wetted nip would be 1 ft. and all the 
drainage would have to take place in 1/1 sec. It is 
difficult to imagine !/2 in. of stock draining in this time 
by gravity. 

The fact that on high-speed machines drainage is th 
result of a series of sharp impulses rather than of : 
continuous process should modify our ideas on stocl 
testing and perhaps on formation. 
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INTERPRETATION OF THE ANALYSIS 


Looking again at Table III it seems that Wrist’s 
heory will explain the speed effect. The drainage from 
the breast roll and first table roll does not increase with 
speed. ‘This is because here gravity drainage is pre- 
lominant. The rolls are still sucking but the effect 
$ swamped by free drainage in the area between these 
olls, also this is the only part of the table where con- 
sistency is statistically significant. After this, suction 
lrainage becomes predominant and the effect at the 
next few rolls is compatible with the square law. At 
roll 2 the magnitude of the speed-drainage effect is 
within experimental error of what is expected but for 
ater groups of rolls the effect decreases and in fact 
t is not significant for the last group, rolls 16-21. 

The explanation of this decline is not that the suc- 
ion forces become weaker but that the forming web 
of fibers compresses. As the weight of the fibers de- 
posited on the wire increases with successive rolls the 
resistance to flow increases and there is less drainage. 
[if pulp behaved like a simple substance, sand, as a 
alter medium, where doubling the weight of sand in 
the bed would halve the flow, the effect at roll 2 should 
persist all down the table (the interest being in the per- 
sentage increase of flow, not the actual level). It 
seems that the resistance to flow of the forming web 
ncreases more rapidly than does the weight and it may 
9e partly attributed to compression of the fibers and 
sartly to the inhomogeneous nature of the web in 
which the fines are deposited later than the long fibers. 
The rate of increase of resistance must also be a function 
of speed. 

A consequence of suction drainage at the early table 
olls is that an increase of speed will lead to a given con- 
sistency being achieved earlier on the wire. This is in 
vecord with practice, for one of the machine operator’s 
ums is to get the stock further down the wire to allow 
he maximum time possible for formation. Grooved 
‘olls, forming boards, etc., are an attempt to achieve 
his. It seems, therefore, that an increase of speed 
nakes it easier to take out the water earlier and more 
lifficult to take out the water over the second half of 
he table. The net result is that the consistency of the 
stock reaching the first suction box is, very roughly, 
ndependent of speed; a 10% increase of speed results 
n about the same increase in total table roll drainage. 

The second most important factor is temperature. 
[he effect is significant over the last half of the table 
yut not over the first. This is to be expected on theo- 
etical grounds. Flow through an orifice is not in- 
luenced by temperature, but Poiseuille or capillary flow 
loes depend on temperature. The bare wire will 
yehave as an orifice and the fully formed pad as a net- 
vork of capillaries, and the dependence of drainage on 
emperature will change from one end of the table to 
he other. It is very fortunate that temperature 1s 
nost effective at the drier end for it is here that speed 
s least effective in promoting drainage. 

The measurements of stock properties showed little 
orrelation with drainage. In the case of freeness none 
f the effects shown in Table III is significant, although 
ll of them are positive. Within the range of the ex- 
eriment, i.e., 43 to 59 c.s.f. in the flow box, freeness 
as no strong influence and is certainly less important 
han speed and temperature. The stock properties 


BA PPI November 1954 Vol. 37, No. 11 


measured do not seem to be important as far as drainage 
is concerned but that is not the same as saying that 
drainage is unaffected by the nature of the stock. 
Rather does it point to the wrong properties being 
measured. ‘The freeness tester has been criticized on 
many counts, it is influenced by “fines”? more than is 
the paper machine, ete. Another criticism to be made 
as a result of this work is that instead of a stock test 
carried out under the gentle and continuous conditions 
of gravity flow an alternative is required in which drain- 
age takes place in a series of short, sharp jerks, the mag- 
nitude of which is adjusted to the speed of the paper 
machine. The conditions of filtration are totally dif- 
ferent in a freeness tester from those on a high-speed 
paper machine. 


In Table III another factor was eliminated which 
has not been mentioned, a time factor to allow for the 
aging of the wire. Actually, the regression analysis 
as originally worked out showed a small but significant 
freeness effect at the very early rolls, but it was later 
noticed that some of the experimental measurements 
showed a steady trend with time. When the analysis 
was corrected for the time factor the freeness effect 
disappeared. 


SUBSEQUENT WORK 


The conclusions reached are strictly only valid for 
the one newsprint machine on which the experiments 
were done and for the range covered by the readings, 
which was quite small. Another similar experiment 
has been done on the same machine but in this case, 
instead of the machine running normally, it was con- 
strained to run at different combinations of the factors. 
For instance the speed was either 600, 640, or 680 
f.p.m., the temperature 35 or 45°C., etc. This fac- 
torial experiment was analyzed by a more powerful 
method, the analysis of variance, which led to more in- 
formation about the interdependence of factors. Also, 
the range of the experiment was greater than the one 
discussed. 


In an attempt to generalize the problem and get 
away from this one particular machine, a study is 
being made of the drainage resistance as derived from 
the ratio of the flow and suction at a roll and the way 
this depends upon stock properties. Sufficient back- 
ground information has been obtained from the paper 
machine for work to be carried out in the laboratory 
on drainage resistance and experimental checks on the 
suction theory of drainage. 


It is hoped to be able to publish this work at a later 
date. 
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Influence of Differential Speeds Between Stock and Wire 
on Sheet Properties 


0. ANDERSSON and J. BERGSTROM 


This paper deals with the influence of the speed difference 
between the stock and the wire at the moment the stock 
is deposited on the wire as well as lateral conditions goy- 
erning the way in which this deposition is made and the 
water is handled at this procedure. The experiments were 
performed on the experimental paper machine at the Swed- 
ish Forest Products Research Laboratory. In this in- 
vestigation, which covers the range of 100 to 200 in. per 
min., the results indicate that the optimum speed differ- 
ence increases almost proportionally with the speed of 
the wire; at wire speeds from 150 to 200 in. per min. being 
within the region 10 to 20 in. per min. for this particular 
machine. The best isotropy and the closest structure of 
the sheet are obtained if the dewatering is delayed and 
the formation is allowed to occur under moderate drainage. 


PAPERMAKERS have claimed that the paper is 
made at the point where the stock meets the wire. 
Others have also been claimed that the most important 
part of the wire is the first foot after the slice. This 
is certainly true to a considerable extent as far as the 
properties of the paper web are concerned, as optimum 
conditions that were not reached in deposition of the 
fibers on the wire can never be reached by efforts in 
the later part of the paper machine. 

The present study deals with the influence of the speed 
difference between the stock and wire at the moment 
the stock is deposited on the wire as well as lateral 
conditions governing the way in which this deposition 
is made and the water is handled at this procedure. 


EXPERIMENTAL 


The experiments were carried out on the experimental 
paper machine at the Stockholm laboratory. The 
design of this machine is published elsewhere (/), but 
for the understanding of the experiments to be described 
a flow sheet of the wet end as it was run during the 
experiments is shown in Fig. 1. 

The pulp, which was prepared beforehand, is stored 
in a machine chest, from which it is pumped to the 
headbox, and the sheet goes from the couch directly 
down to the couch pit where it is mixed with white 
water and pumped back to the machine chest. An 
outline of the wire section is shown in Fig. 2. The head- 
box has a standard Voith outlet and immediately 
after the breast role there is a forming box with four 
section legs. The details of the outlet are shown in 
Fig. 38. Under the jet there is an adjustable rubber 
apron, and in some of the experiments the position of 
the apron was varied, ending at positions 1, 2, and 3. 

Samples for measurements of physical properties 


O. AnpERssON, on leave of absence from The Swedish Forest Products 
Research Laboratory and currently located at The Pulp & Paper Research 
Institute of Canada, Montreal, Que., and J. Berestrém, Swedish Forest 
Products Research Laboratory, Stockholm, Sweden. 
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were taken out by leading the web to the first press and 
cutting the web between the couch and first press. 
The paper scraped off the press roll during sampling 
was transferred manually to the couch pit. 

These samples were pressed between blotters and 
dried between polished plates. After drying and con- 
ditioning to 65% R.H. they were used to measure 
breaking length, rupture elongation, bursting strength, 
tearing strength, air resistance, fiber orientation, and 
formation number. The formation number was meas- 
ured optically as the ratio between the root mean 
square of the alternating and the steady components 
of light transmitted through the sheet. On some occa- 
sions stock was taken from the headbox to prepare 
check sheets on a sheet machine. 

On the paper machine were measured: (1) drainage 
from the wire, the free draining part of the wire being 
divided into five sections; (2) drainage from the flat 
boxes; (3) air flow through the flat boxes, the vacuum 
of the boxes being kept constant; and (4) air flow 
through the couch. 

During each experiment the wire speed and the posi- 
tion of the fan pump valve were kept constant, and the 
speed of the stock was varied by adjusting the slice 
opening to give the linear speed required; measurements 
were not made until after each adjustment. The 
level in the headbox was constant. In some experi- 
ments the headbox was run with an air cushion. 


MECHANISM OF DEPOSITION ON THE WIRE 


The ideal way of making a sheet on a paper machine 
would be a dilute suspension of fibers in uniform trans- 
latory motion being deposited on the wire without any 
relative velocity components in the horizontal plane, 
this procedure followed by drainage quick enough to 


prevent the fibers from sedimenting and flocculating. 


For the first approximation this is achieved on the 
paper machine by running the wire at exactly the same 
speed as the jet. This, however, requires an even ve- 
locity distribution of the stock, as shown in Fig. 4, 
upper sketch. In practice, there is a certain velocity 
profile, but even if the velocity profile of a fiber sus- 
pension may be square across the greater part of the 
vertical cross section, this cannot be true close to the 
boundaries. The middle picture of Fig. 4 shows what 
could happen in a practical case when the stock hits 
the wire, if the wire has the same speed as the bottom 
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layer of the stock. The bottom figure shows a possible | 
development of the velocity profile in the presence of — 


an apron. 


By the use of a pitot arrangement the velocity pro-— 


file shown in Fig. 5 was obtained from the experimental 
paper machine. Unfortunately the pitot method is 


not sufficiently accurate to obtain the detailed profile, © 
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but the presence of air at the upper boundary and an 
apron at the lower boundary could easily explain this 
type of velocity profile. Knowledge of the behavior 
of this flow when it reaches the wire requires a rigorous 
theoretical-hydrodynamical treatment which lies far 
beyond the scope of this study. 

The speed of the lowest layer of the stock when it 
leaves the apron is probably zero, although it might 
rise to the speed of the square part of the profile quite 
quickly when proceeding to higher layers. There is 
no reason why the best sheet properties should be ob- 
tained when the wire speed is equal to that of the square 
part of the profile, the ideal conditions outlined above 
could certainly never be approached as long as there 
is a velocity distribution like the present one. There 
is reason to believe that the wire speed should match 
the over-all speed of the stock approximately; when 
the stock hits the wire there is probably created a stir- 
ring action which should be controlled in such a way 
that it does not obstruct the desired fiber arrangement 
already achieved but does disturb the alignment along 
the streamlines of the stock flow. 


Fig. 1. Flow diagram of the wire section of the experi- 
mental paper machine 


_ This optimum speed difference is probably quite 
critical and depends on many factors such as concentra- 
tion of the suspension, fiber length distribution, head- 
box design, slice design, apron arrangement, drainage 
characteristics of the point of deposition, etc. The 
optimum speed difference is probably also a function of 
the absolute speed of the stock or wire, although there 
is no a priori reason to believe that it should be pro- 
portional to the absolute speed, even if experience some- 
times indicates this. 


RESULTS 


In a preliminary run the paper web was taken from 
the couch through the press and drier sections. Sam- 
ples were taken at different positions in the paper ma- 
chine for tensile testing, and the web was marked at 
the same position for measurement of shrinkage between 
different sections of the machine. The pulp was a 
standard Swedish sulphite pulp beaten to 30° S.-R. 
The wire was run at a speed of 100 m. per min. and the 
speed of the stock was varied between 80 and 120 m. 
per min., these velocities being calculated from the 
velocity head in the headbox by application of a known 
orifice coefficient. To what extent these velocities 
describe the over-all speed of the jet is not known. 
However, measurements made with a pitot arrangement 
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Fig. 2. Outline of the wire section of the experimental 
paper machine 
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later on show the values in this particular experiment 
to agree with the surface speed close to the jet within 
BY. 

The samples show the lowest tensile strength and 
the highest rupture elongation at the couch; from the 
couch to the reel the tensile strength increases and the 
elongation decreases. The strength anisotropy is lowest 
at the couch and increases toward the reel just as the 
elongation anisotropy. Both the strength and the 
elongation show minimum anisotropy at a speed dif- 
ference of —10 m. per min. the negative sign indicating 
higher wire speed. The strength anisotropy is 1.5 
and the elongation anisotropy less than | at this speed. 
The impact strength also shows isotropy at this speed 
difference. The machine direction shrinkage shows 
maximum at this speed difference; at the same time as 
the cross-direction shrinkage shows a broad minimum. 

From these experiments we have learned that de- 
sired properties of the sheet can be approached by proper 
setting at the wet end, but they can quite readily 
be destroyed in the press and drier sections. On the 
other hand, faults introduced during the sheet forma- 
tion can scarcely be remedied in the later parts of the 
paper machine. 

After this preliminary experiment attention was fo- 
cused entirely on the wire section, the stock being a 
standard kraft pulp, beaten to 30° 8.-R. Two dupli- 
cate runs were made at a wire speed of 150 m. per min. 
to obtain an idea of the reproducibility of the experi- 
ments. A third run was made under the same condi- 
tions but with four suction legs working on the forming 
box to obtain maximum dewatering at the point of 
deposition. A fourth run was made at a wire speed of 
200 m. per min. for a study of the influence of the 
absolute speed; during this run full suction was ap- 
plied in the forming box. 

Of the sixteen quantities measured during each run 
some did not show an appreciable variation with the 
speed of the stock, although some showed a pronounced 
tendency toward maximum or minimum at a certain 
stock speed. At a given stock speed these maxima 
and minima all occur in the same region of stock speed. 

Figure 6 shows the variation of the air flow through 


Fig. 3. Possible development of velocity profiles adjacent 
to the outlet 
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Measured velocity profile at the edge of the apron 
on the experimental paper machine 


the fifth suction box. The first number attached to 
each curve gives the wire speed, and the second number 
the number of suction legs in action. The absolute 
values of the air flow in the four different runs should 
not be compared as there might be minor variations in 
beating and basis weight between the runs. It can 
be seen that the two curves from the duplicate runs a 
150 m. per min. have practically the same shape. 
There is a pronounced decrease in air flow toward the 
region 130 to 140 m. per min., indicating that there is 
a maximum in the density of the sheet in that region. 
Visual inspection of the sheets shows a definite maxi- 
mum in the evenness of the sheet in the same region; 
at the highest and lowest stock velocities the sheet is 
quite wild and shows the presence of big flocs. 

The curve corresponding to a run at 150 m. per min. 
and application of full dewatering of the forming box 
(150.4) shows a similar tendency, although it is by no 
means pronounced, and the same is true for the 200-m. 
run where full suction was also applied. In this case, 
the minimum occurs around 180 m. per min. 


= w 


Fig. 5. Design of the outlet and forming box of the ex- 
perimental paper machine, positions of the edge of the 
apron during the experiments indicated by Figs. 1, 2, and 3 
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The breaking length im the machine direction 1s 
shown in Fig. 7. There are some irregularities, but 
there is a general tendency toward a minimum between 
130 and 140 m. per min. at the lower speed, the mini- 
mum being equally pronounced whether there is a full 
dewatering or partly prohibited dewatering. The curve 
for 200 m. per min. does not show a minimum, 
Whether this is due to the sheet formation at this higher 
speed being of different nature or to handling of the 
wet sample being more difficult cannot be explained 
without repeated experiments. 

The ratio between machine and_ cross-direction 
strength is shown in Fig. 8. All runs show a minimum: 
for the 150-m. per min. run in the region 130 to 140 m. 
per min. and for the 200-m. per min. run between 180 
and 190 m. per min. Again, there is no appreciable 
difference due to difference in intensity of dewatering. 
It may be noted that the lowest value observed here is 
very close to 1.0, i.e., the same strength in both diree- 
tions. 
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Fig. 6. Relation between air flow through flat box and 
stock speed, numbers on curves indicating speed of wire 
and number of suction legs of the forming box 


elongation in the machine and cross directions is very 
close to 1 at the minimum point. 

In one of these runs colored fibers were inserted to 
make possible a determination of the fiber orientation. 
The orientation factor was calculated from the formula 

45 —v 
45 


where v is the average angle between the fibers and the 
machine direction. This factor is zero if there is no 
preferred orientation and 1 if all fibers are aligned in 
the machine direction. The variation of fiber orienta- 
tion is shown in Fig. 9. It appears that the orienta- 
tion factor stays between 0.1 and 0.2 for most of the 
speed differences, but around 135 m. per min. it drops 
down to 0.02. The tendency toward isotropy around 
this speed is evidently mainly due to a randomization 
of the fiber direction at the outlet. 

Figure 10 shows the variation of the initial slope of 
the stress-strain curve in the machine direction. 
curves follow the tensile strength curves quite closely, 
indicating that the properties measured are primarily 
determined by the fiber arrangement. The conclusion 
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In all these ‘cases the ratio between rupture | 


These 


from these runs is that there is an optimum in sheet 
formation in a certain region of stock speeds, ice., 
where the wire is running between 10 and 20 m. per 
min. faster than the stock, in the wire speed region 
investigated. The flow speeds given on the diagrams 
are calculated from the level difference between the 
headbox and the wire, so it should match the speed on 
the surface of the suspensions on the wire. It checks 
with pitot measurements a few millimeters under this 
surface. 


This optimum is characterized by a minimum of air 
flow through the fifth flat box, a minimum in fiber orien- 
tation, a minimum in strength anisotropy, and a mini- 
mum of anisotropy of elastic properties. A stronger 
dewatering at the point of deposition seems to decrease 
the strength of these optima, making the sheet less 
anisotropic at the optimum point. This may be due 
either to the direct action of the draining water or to 
the fact that the sheet becomes consolidated too fast 
and is not influenced by the action of the forces re- 
arranging the fibers. 


BREAKING 


LEGEND: 
LENGTH/METERS 0 


meters/min 


10 120 130 140 150 160 170 
Fig.7. Relation between breaking length and stock speed 


For a closer investigation of this question a series of 
runs were made in which the number of open suction 
pipes of the forming box was varied and the edge of the 
apron was moved to three different positions: (1) toa 
point 2 in. from the lower lip, (2) to the first slit, and 
(3) to the third slit of the forming box. These positions 
will be referred to as positions 1, 2, and 3 (Fig. 3). 
At different settings of these variables the wire was run 
at 100 m. per min. and the stock from 71 to 113 m. per 
min. 

The intention of changing the edge of the apron to 
different positions was to vary the period of flow without 
drainage between the slice and the wire. To avoid con- 
fusion of the mass of data that was obtained from these 
runs different properties have been listed against one 
variable at a time, each value being an average over 
the other variables. 

Figure 11 shows the variation of the strength ratio 
with stock speed, position of the apron, and the number 
of suction legs. The minimum of strength orientation 
now occurs in the region 89 to 95 m. per min., 1.e., a 
situation similar to the one shown before. After these 
runs it turned out that during the run where the apron 
was in position 2 the stock to the machine had a lower 

degree of beating than in the others. Therefore, this 
run has to be omitted in comparing the results at 
different apron positions. Figure 11 shows a tendency 
to lower anisotropy toward position 3 supporting 
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Fig. 8. Relation between strength anisotropy and stock 
speed 


the assumption that an adjustment of the fiber arrange- 
ment is obtained if the stock is allowed to flow initially 
without dewatering. In this particular case this 
period is of the order of !/2 sec. As far as rate of de- 
watering is concerned the bottom diagram confirms the 
earlier findings, that earlier dewatering produces a 
higher orientation, this probably being due mainly to 
increased vertical flow components as the total varia- 
tion due to this factor is larger than the variations due 
to difference in position of dewatering. 


Among other properties measured the flocculation 
might be of some interest. For a sheet completely 
free from flocs this should be equal to zero. Figure 12 
shows a decrease in formation number with increasing 
number of suction legs and an increasing number with 
increase in length of apron. 

This may seem somewhat contradictory to the result 
earlier obtained, as the most even and homogeneous 
sheet was obtained if a long period of dewatering was 
allowed and dewatering during sheet formation was 
kept small. However, a low formation number does 
not necessarily mean a strong and unorientated sheet. 
At quick dewatering immediately after the outlet, the 
fibers are probably frozen in an aligned and loose struc- 
ture. It could thus be considered uneven on a very 
small scale, such a small scale that it is beyond the 
resolution of the human mind and beyond the fre- 
quency limit of the formation tester. Such a sheet 
may have quite low strength and high orientation; 
the properties are entirely due to the construction of 
the headbox and the outlet, although the speed dif- 
ference between stock and wire has a minor influence. 


SUMMARY AND DISCUSSION 


A sheet with a reasonable formation and with very 
little anisotropy in fiber orientation and mechanical 
properties can be obtained at the couch by proper ad- 
justment of the outlet. These properties are, however, 
easily obstructed during pressing and drying. The 
setting of the outlet parameters depends upon the ve- 
locity distribution and properties of the suspension at 
the outlet as well as the absolute speed. In the present 
investigation, which covers the range 100 to 200 m. 
per min., the results indicate that the optimum speed 
difference increases almost proportionally with the 
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speed of the wire; at wire speeds from 150 to 200 m. 
per min. being within the region 10 to 20 m. per min. 

The best isotropy and the closest structure of the 
sheet are obtained if the dewatering is delayed and the 
formation is allowed to occur under moderate drainage. 
By earlier and more intense drainage the sheet becomes 
more oriented but has a better visual formation. 
Change of drainage rate and draining position does 
not change the optimum speed difference. 

All the data obtained in these experiments agree on 
one point. The properties of the sheet made on the 
paper machine wire vary with the speed difference be- 
tween the stock and wire as well as the intensity and 
method of application of drainage immediately after 
the deposition of the stock on the wire. Generally, 
these variations appear as maxima or minima, and these 
maxima and minima can be traced down to a common 
source, the arrangement of the fibers in the sheet. 
There are however still many question marks, especially 
involving the relation between the hydrodynamical 
behavior of the stock on the wire and the independent 
variables, the wire speed, and the distribution of stock 
speeds. 

In the present study it has been possible to treat this 
and related effects superficially. However, it does not 


SS 
iP os m/min 
'!0 sTOCK SPEED 
3.0 
iz a eran ee | 
1.0 


3 POSITION OF EDGE 
OF APRON 


3.0 
|— 
1.0 


NUMBER OF SUCTION LEGS 


ee ae Shaw ratio and independent 
variables studied 


STRENGTH RATIO 


STRENGTH RATIO 


STRENGTH RATIO 


Fig. 11. 


546 


answer the question why the optimum wire speed 
should be higher than any speed in the velocity profile 
of the stock. 

A possible answer to this question is the following. 
When the upper surface of the jet leaves the edge of the 
outlet and encounters air, there is a drastic decrease in 
boundary friction. In fact, the air is dragged with 
the stock and offers very little resistance against the 
flow at the boundary. Therefore, as confirmed by ex- 


periment, the velocity at the boundary quickly catches 


up with the velocity in the middle of the cross section, 


and a practically square profile develops throughout — 
the cross section, except at the lower boundary where © 


there is still friction against the apron. 


When the apron is substituted by the wire, a similar 


| 


thing occurs, especially if the wire is running at the - 


same speed as the one in the square part of the profile. 
The jet reacts as if there were no friction and a more 
or less square velocity profile develops. This means 
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Fig. 12. Relation between formation number and inde- 


pendent variables studied 


no, or very little stirring action and therefore no 
fiber rearrangement. It is assumed that the fibers 
had a tendency to align themselves along the stream- 
lines in the headbox and outlet. 


By this line of reasoning there must be a wire speed 
higher than the highest stock speed to create an effec- 
tive stirring action and promote a rearrangement of 
the fibers. If this wire speed is too high the stirring 
action might be too violent and the wire might have a 
combing effect which aligns the fibers again after the 
alignment produced in the outlet has been destroyed. 


Another question: how does the movement of the 
fibers respond to different characteristic types of ve- 
locity profiles which could be encountered on a four- 
drinier wire? Is there an optimium combination of 
variables where a maximum fiber alignment could be 
reached? Is there a general relation between the wire 
speed and a characteristic stock speed parameter, 
which gives the optimum properties of the sheet? 


To obtain an answer to this question it is necessary 
to go back from the paper machine and do a fundamen- 
tal study of the flow of suspensions between moving 
boundaries. We also require more knowledge of move- 
ments of fibers in shear fields than the present status of 
science can offer us. 
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Drainage Effects and Two-Sidedness 


G. F. UNDERHAY 


Differences in the composition and general structure of 
the top side and the wire side of uncoated mass produced 
general printing and newsprint papers are discussed in 
relation to fourdrinier drainage conditions. Investiga- 


tions have been carried out on fairly fast machines using 


newsprint and similar furnishes, and the results of paper 


analyses, as revealed particularly in loaded papers, show 
that the amount of very fine material carried in the top 


side is likely to be at least twice the amount in the under 
side. After many failures to reproduce this composition 
two-sided effect with normal sheetmaking equipment in 
the laboratory, the result was finally achieved by intro- 
ducing a rapid relative vertical oscillating movement 
between the wire and the draining water beneath during 
sheet formation. This disturbs and washes the under side 
of the immature sheet, and fine material is loosened and 
removed preferentially from the under side in this way. 
It seems that medium and high-speed table roll action is 
similar in that water is squeezed into the wire side at the 


nip and then withdrawn on the suction side of the roll. 


Some support for this explanation has been obtained by 
producing non-two-sided paper on a very slow machine. 
Although sheet quality is affected remarkably little, solely 
because of composition two-sidedness, itis suggested that 
the subject deserves more attention than it has had in the 


past, particularly since the high wire losses resulting from 
_ this action have an important influence on breast box stock 
_ properties, 


the paper made. 


WHEN using paper stocks of mixed fiber length 
and composition, such as those required for newsprint 
and similar mass produced qualities of printing paper, 
drainage conditions on fourdrinier machines have a 
marked influence on the structure and composition of 
The normal result is that the top 


surface of the paper, due to the presence of a greater 
proportion of short and fine material, has a closer and 
finer structure than the under surface where the longer 
fibers of the furnish predominate and the texture, in 


consequence, tends to be more open. The subject is of 


interest not only from the point of view of paper quality, 


but also because of the closely allied effects on the prop- 
erties of the breast box stock which, with closed back- 
water systems, result in an accumulation of a much 


greater proportion of fine material in breast box stock 
than is present in the original stock. The drainage 


conditions which arise when making newsprint and simi- 


lar papers at all but very low speeds are responsible for 
this, and the amount and nature of the suspended ma- 


terial present in the resulting wire pit water have an 


important controlling influence on breast box stock 


studies. 
fact, carried out many years ago but as this conference 
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properties. 

It is proposed to discuss these interrelated effects of 
drainage conditions, breast box stock, and sheet 
structure as they form an important branch of wet end 
Much of the work to be described was, in 


G. F. Unperuay, Bowaters Development and Research Ltd., London, 
England. 
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has been planned for exchanging knowledge and theories 
about fourdrinier wet end operation, it has seemed an 
appropriate opportunity to draw the results together 
for publication. In doing so, the author would like 
to acknowledge the help and advice of two of his col- 
leagues: S. V. Sergeant, who has carried out some of 
the recent tests as well as some earlier ones, and J. F. 
Smith, a former associate who was concerned with the 
early experimental work some years ago. 


TYPES OF TWO-SIDEDNESS 


In order to be clear about the scope of these investi- 
gations, it will perhaps be useful to review the main ways 
in which differences in the appearance and properties 
of the two sides of paper can arise. 

There are, firstly, differences which are due almost 
entirely to the effects of contact with machine clothing 
and with pressing, drying, and finishing equipment. 
Thus, impressions on one side or the other may carry 
the general pattern of felts or wires, and in the case of 
the wire there may also be some molding of the sheet 
round the knuckles during the drainage process. 
During drying there is the extreme example in which 
one side, by design and at the expense of the other, is 
highly smoothed and polished by contact with an 
MG surface; and, in finishing, there are the different 
effects produced by metal and paper rolls and the neces- 
sity, therefore, for most purposes, of endeavoring to 
balance these up as evenly as possible. 

Secondly, there is the difference in the over-all flatness 
of the two sides of paper which results, particularly in 
the case of heavier papers, from the fact that one side is 
formed in contact with the wire while the other side is 
free as drainage proceeds to form hills and valleys 
according to the degree of coagulation of the stock and 
the mobility of the suspension on the wire. One of the 
reasons for using a dandy roll is, of course, to mitigate 
this effect. The greater the basis weight of the paper 
being made the greater are the chances of the wire side 
being generally flat (although, of course, it may be wire 
marked), while the top side will tend to be undulating 
and irregular. However, at the substance at which 
newsprint and similar paper is made, which is our 
primary concern here, it is doubtful whether any 
noticeable effect. on two-sidedness arises from this cause. 

Lastly, there is the kind of two-sidedness and its causes 
and effects at the wet end of the machine which form 
the main thesis of this contribution. This two- 
sidedness is characterized particularly by the marked 
differences that occur in the composition of the two 
sides of paper. In addition to being responsible for 
some differences in both texture and color, the drainage 
mechanisms involved, which give rise to the composition 
differences of the two sides, also have an important 
effect on the properties of the breast box stock, and it is 
proposed to consider all these aspects of the problem in 
the light of investigations that have been carried out. 
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Table I. Distribution of the Ash Content of Paper as 
Shown in Three Typical Samples 
= -¥ 1 2 8 
Basis weight, g./sq. m. 61.9 62.8 62.5 
Basis weight g./sq. m. (24 X 36, 
—500) 38.0 38.6 38.4 
Ash content of laminations, % 
Top 12.3 GIS 9.9 
Top middle PX i 9.5 
Wire middle 9.0 8.4 6.9 
Wire on2 4.7 3.6 
Basis weight of laminations, 
./sq. m. 
To 19.1 19.5 19.9 
Top middle 13.9 11.6 T3e2 
Wire middle Niel 12.3 12.4 
Wire 17.8 19.2 17.0 
Total ash content, % (calculated 
from laminations) 9.7 8.9 7.5 
Total ash content, % (determined 
on whole sheet) 10.2 9.4 7.5 


Although most of the conditions associated with the 
production of two-sidedness are well known to paper- 
makers, the extent of the nonuniform distribution of 
the furnish in the sheet is not always fully appreciated, 
and it is this aspect of two-sidedness together with the 
closely allied subjects of the drainage conditions and 
the effect of these on the composition of breast box 
stock which are now to be considered. 


CONDITIONS TYPICAL OF COMPOSITION 
TWO-SIDEDNESS 


Starting firstly with the paper itself, some typical 
results are given below for fairly heavily loaded printing 
papers made from newsprint quality groundwood and 
sulphite pulp. The paper was examined by splitting* 
it into four laminations and determining the ash con- 
tent of each layer. 

The results show that the ash content at the top of the 
sheet, in all cases, is more than twice the ash content on 
the wire side; these examples are typical of the differ- 
ences that exist in the composition of paper of this type 
made under present-day papermaking conditions. The 
paper was, in fact, made on a modern moderately fast 
machine operating in the range 800 to 1000 f.p.m. 
Although the sheet, which in this case was super- 
calendered, can readily be seen to have a normal two- 
sided appearance, it is worthy of note that no significant 
differences in the properties of the two sides were re- 
vealed either by the Ingersoll glarimeter or by the 
Bekk smoothness tester, and any differences that there 
may be in printability, due solely to composition differ- 
ences, seem to be very small. 


It will be recognized, of course, that an essential 
factor giving rise to the production of paper of the kind 
shown in Table I is the furnish. Stock free from load- 
ing and composed of fibers substantially uniform in size 
will give paper of uniform composition throughout 
whatever the drainage conditions. But groundwood, 
the main constituent of these samples, is notoriously 


* There are several ways in which variations in the composition of the 
paper through its thickness can be examined. The method used here, 
which is very serviceable after some practice, involves sticking strong gummed 
paper on each side of the sample. After dryi ying, the two sheets of gummed 
paper are pulled apart and roughly half the paper will be found attached to 
the face of one gummed sheet and the other half of the paper will be on the 
other. These two laminations can be removed from the gummed paper by 
soaking in water, care being taken to see that fine material, particularly 
loading, is not lost in the process. Provided the original paper was not too 
thin, these two split sheets can be taken and split once more into laminations 
in the same way as the original sheet. The four laminations finally obtained 
are weighed and the ash content or fiber composition determined. 
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neterogeneous 1n nature ranging as 1b GOes IPO The 
fiber fragments that can pass easily through a 200-mesh 
sieve, to good long fibers that can be retained on 24 
and coarser mesh screens. 

When loading material is used in the furnish, as in 
the cases given in Table I, ash tests provide a convenient 
way of indicating the composition differences that occur 
through a sheet, the loading being associated mostly | 
with the finest constituents of the furnish. Inde- 
pendent qualitative tests have, however, been made on 
the fibrous furnish of the top and wire side of paper of 
this kind and these have shown that there is an excess 
of groundwood in the top layers as would be expected, 
and an excess of sulphite on the wire side. 

Having then discussed the kind of composition differ- 
ences that exist in fairly high-speed groundwood print- 
ing papers made on fourdrinier machines, the stock 
conditions that are a result of the mechanisms which 
produce composition two-sidedness will now be con- 
sidered. 

It is, of course, common knowledge that the breast 
box stock used for making newsprint is very different in 
composition from the machine chest stock from which 
it is derived. Examples of the composition of these 
two stocks and of the corresponding wire pit water are 
givenin Table IT. 

The fact that the finished paper contained an ash 
content of only 7.5% compared with an ash content of 
20.6% in the total solids in the breast box stock, is 
enough in itself to show that losses through the wire 
are heavy and that this is an important cause of 
the composition differences between machine chest 
stock and breast box stock. The wire pit water, too, 
has the same story to tell and its total consistency 
compared with that of the breast box indicated, in fact, 
that the total losses through the wire during sheet- 
making are probably somewhere between 35 and 40% 
of the stock fed on to the wire. Some of these losses are 
due to very fine suspended material being carried away 
with the drainage water from all parts of the sheet 
during its formation on the wire. Arguments will be 
put forward, however, which, it is contended, show 
that substantial losses are also due to the removal of 
fines preferentially from the under side of the sheet. 
These losses arise as a result of disturbances and wash- 
ing of the under side during its passage over the table 
rolls. 


MACHINE LOSSES THROUGH THE WIRE COMPARED 
WITH LABORATORY LOSSES 


Running at speeds in the neighborhood of 1000 f.p.m. 
on newsprint and similar furnishes, and at newsprint 
and printing paper substances, it can be shown that 
total losses through the wire are in the region of 35 to 


Table IT 
Machine Breast Wire 
chest box pit Finished 
: stock stock water paper 
Total consistency, % 2.80 0.75 0.28 
Fiber consistency, % 2.45 0.58 Omi 


Ash content of solids, 


o Ug ea 20.6 36.4 7.5 
Freeness, ml., Cana- 


dian 173 64 
Drainage time at 60 
g./sq. m., sec. 13.9 29.3 
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40% or higher. These are quite normal figures, and 
the losses tend to increase as machine speeds increase. 
It is interesting, therefore, to compare this behavior 
with the behavior of the same kind of stock drained in 
the laboratory through stationary wires under various 
conditions. 


Breast box stock was sampled a few weeks ago on a 
machine making a quality of paper somewhat better 
than newsprint from a selected newsprint furnish, and 
running at 1150 f.p.m. on a substance of 51 grams per 
sq. m. (31.3 lb. 24 X 36—500). The breast box stock 
had a total consistency of 0.71%, and the ash content of 
the solids in the stock was 11.5%. This stock was used 
for making laboratory sheets of 60 grams per sq. m. (36.8 
lb. 24 X 36—500) on the standardized British sheet- 
making equipment, with all the operations carried out 
in the standard way. (Second Report of the Pulp 
Evaluation Committee, Proc. Tech. Sect. Paper- 
makers’ Assoc., 16: 303 (1936)). The results showed 
that under these circumstances the total losses through 
the sheet machine wire averaged around 15%. They 
are thus much below the losses obtained from the same 
stock under commercial operating conditions (in this 
case about 35%) and they show, in fact, the usual rela- 
tionship that the laboratory losses under static drainage 
conditions are rather less than half the losses on the 
commercial machine. Furthermore, sheets made in 
this way in the laboratory on the sheet machine using 
the standard suction do not exhibit two-sidedness. 
Trials have been made at various dilutions ranging 
from the standard (0.017%) to that used in the mill 
(usually about 0.75%), and also using various furnishes, 
including particularly breast box stock, but on no 
occasion has an under side been produced in the labora- 
tory under static draining conditions comparable with 
that of mill-made paper. On the contrary, at the higher 
dilutions, the appearance of the under side may be more 
compact and close textured than the top side.t Losses 
through the wire with newsprint types of furnish can 
be increased up to about 25% in the laboratory by 
using a 60-mesh wire in place of the standard 150-mesh 
wire, but keeping the rest of the conditions and pro- 
cedure standard. On the other hand, losses can be 
decreased down to about 10% or less using the standard 
150 wire but pouring the stock directly onto the wire 
under nonstandard conditions in which the drain cock 
is open and there is, therefore, no water above or below 
the wire at the time that the stock is poured on. In all 
these cases, however, there is no evidence of composi- 
tion two-sidedness of the kind that occurs on paper 
machines. 


ATTEMPTS TO REPRODUCE IN THE LABORATORY 
TWO-SIDED PAPER SIMILAR TO THAT MADE ON 
COMMERCIAL MACHINES 


In trying to determine the essential mechanism that 
gives rise to composition two-sidedness on paper ma- 
chines, it was decided first to confirm that after couch- 
ing and before drying the paper is two-sided. Samples 
have, therefore, been taken for examination after both 


’ + To examine the appearance of the top and wire sides of paper made on 
the standard sheet machine, it is necessary to make at least two sheets under 
each condition; the top side of one and the under side of the other should 
then be dried in contact with a stainless steel plate. After drying, the glazed 
sides of the sheets can be compared visually and, with experience, it is readily 
possible to detect composition two-sidedness. 
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the first and second presses. They were carefully 
smoothed out and gently pressed by hand onto stain- 
less steel plates, first with the wire side against the 
plate, and second with the top side against the plate. 
The samples were then pressed and dried normally in 
the standard apparatus. On inspecting the sheets and 
comparing them with the same paper finished on the 
commercial machine, there was no doubt that two- 
sidedness was fully developed at that stage. 

One would like similarly to be able to take samples of 
the immature sheet before it passes over the suction 
boxes and the suction couch, to check whether or not 
the fully or partially developed symptoms of two- 
sidedness are present before the suction boxes are 
reached. Being unable to do this, however, experi- 
ments were designed to determine, in the laboratory, 
the effect of applying suction so that some indication 
might be obtained as to whether the operation of the 
suction boxes and the suction couch contribute ma- 
terially to the production of composition two-sidedness. 
A large oil drum, capable of being evacuated to a 
vacuum of 25 in. or more by means of a laboratory filter 
pump, was connected to the drainage system of a labora- 
tory sheet machine, or alternatively to the laboratory 
consistency apparatus (an unbacked 5-in. diameter wire 
supported on a brass ring over a conical receiver, and 
fitted with a short 3'/sin. detachable sheetforming 
cylinder (see Second Report of the Pulp Evaluation 
Committee, Tech. Sect. Papermakers’ Assoc., 136 
(1936)) in such a way that it could be used either to 
augment the suction due to the water in the drainage 
system, or the vacuum could be applied after normal 
drainage had been completed. Furthermore, a shallow 
circular trough was constructed so that by transferring 
the sheet machine gridplate to it with a wet normally 
drained sheet on it, and then applying vacuum, a more 
violent and sudden effect could be obtained with this 
much smaller capacity system than was possible in the 
sheet machine itself, or in the consistency apparatus. 

The full results of a series of tests with details of the 
experimental technique, using in one case the original 
Clark 5!/,-in. forerunner of the standard British 
cylindrical sheet machine (J. d’A. Clark, Proc. Tech. 
Sect. Papermakers’s Assoc. 7: 247 (1927)) and, in the 
other, the consistency apparatus, are given in Table 
III. Three sheets were made under each set of condi- 
tions, one being used to determine the ash content, and 
the other two were pressed and dried in contact with 
stainless steel plates, one having the wire side against 
the plate and the other the top side. Top and wire 
sides could, therefore, be compared under similar condi- 
tions and it is satisfactory that the finish produced 
approximated that of supercalendered newsprint. 

As will be seen from the table, none of the sheets 
showed any trace of two-sidedness. Although the 
total losses were fairly high, ranging between 12 and 
22%, they were not as high as the 35 to 40% or more 
found on commercial machines. The results do indi- 
cate, however, that suction boxes and suction couches 
are not a primary cause of the composition two-sided- 
ness we are seeking to explain. 

Other conclusions to be drawn from Table III are 
that a 4 to 1 dilution of the breast box stock for sheet- 
making has little effect on the losses which occur 
under these static wire conditions; that the consistency 
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Consistency apparatus 


The Effect of Suction 


Table III. 


51/4-in. circular sheet machine with short cylinder 


——Water up to wire level 


4 


followed by 
sudden suction 
(in shallow 
trough) 


Normal drainage 


—No water beneath wire-————_— 
3 


extra suction 


Simultaneous 
drainage and 


2 


sudden suction 
(in shallow 
trough) 


Normal drainage 
followed by 


—Water up to wire level 
1 


Simultaneous 
drainage and 
extra suction 


Normal drainage 
followed by 
sudden suction 
(in shallow 
trough) 

4 


—No water beneath wire 


Simultaneous 

drainage and 

extra suction 
53 


followed by 
(in shallow 
trough) 
2 


Normal drainage 
sudden suction 


Simultaneous 

drainage and 

extra suction 
1 


0.772 


0.099 


0.768 
0.093 


13.3 


Breast Box Stock; Undiluted (100 M1.); Total Consistency 0.879%, Ash 15.8% 


Weight of sheet (moisture-free ) 


Ash weight (moisture-free ) 


Total loss, % 


12.9% 


= 12.2% 


9.5 
33.2 


11.8% 


20.3 
14.6 
46.0 


Fiber loss, % 
Ash loss, % 


Top side 


16.5 


14.5 
27.0 


19.0 
16.4 
32.2 


19.2 
16.4 
33.9 


TS 
36.0 


Breast Box Stock; Diluted (100 M1. in 500 M1.) 
15.8 


Smooth throughout 
Smooth throughout 
Smooth throughout 
Smooth throughout 


PAS) 
16.8 
46.8 


Weight of sheet (moisture-free ) 
Ash weight (moisture-free) 
@ 125 ml. of breast box stock used. 


Total loss, % 
Fiber loss, % 


Ash loss, % 


Top side 
Under side 


Under side 


RM ee el NE a ae et es err 
gives practically the same results as those obtained with 
the sheet machine wire; and that when water is up to 
the wire level previous to filtration larger losses occur. 
The explanation for this last effect is probably that when 
there is no water beneath the wire, drainage commences 
at once while stock is being poured on to the wire; 
with water immediately beneath the wire, however, 
drainage does not commence until all the stock has 
been poured in and the drain cock opened, during this 
period some stock probably passes through the wire 
before draining starts. Incidentally, it should be em- 
phasized here that breast box stock, with the excessive 
proportion of fines that it carries as compared with 
machine chest stock, was used for all these tests; if, 
therefore, there was any tendency for two-sidedness to 
occur, its detection should have been helped and the 
effect would probably have been exaggerated by the 
use of this stock. 

Thus, since all the indications are that two-sidedness 
is not produced either by straight drainage or by drain- 
age augmented by suction, it has been concluded that 
the effect must arise as a result of some special conditions 
that are present during drainage on a fourdrinier 
machine wire. The obvious target for examination 
here is the table rolls. When the stock rides down the 
wet end on the wire, presumably there is an appreciable 
bump as it passes over each table roll, and means for 
imitating this in the laboratory were devised. It sub- 
sequently transpired that the bump itself was not im- 
portant, but, as will be seen, the investigations led 
eventually to the conclusion that composition two- 
sidedness is due to the water which, clinging to the table 
rolls and advancing under the wire, is wedged into the 
nip between the rolls and the wire. This water gets 
pushed through the under side of the wire, disturbs the 
under side of the sheet, and loosens and resuspends fine 
material which, on the suction side of the roll, is pulled 
out with the drainage water. It seems probable 
that the hump on the wire, which on most machines can 
clearly be seen immediately above the table rolls, may 
well be due partly and perhaps largely to this effect. 


The investigations which first led to this conclusion 
will now be briefly described. 


In this series of experiments, test sheets were made 
under conditions which enabled the wire to be jogged. 
The platform of the Somerville fractionator (Proc. Tech. 
Sect. Papermakers’ Assoc., 13: 37 (1932)) offered a 
ready means of providing this vibration movement, and 
sheets were made, as far as possible, under the same 
conditions, as used for the suction investigations 
(Table III), but with the addition of the vibration. 
The consistency apparatus was placed complete on the 
fractionator platform, but in the case of the sheet 
machine (5'/,-in.) only the gridplate with its special 
short sheetforming cylinder could be put on the frac- 
tionator platform so that the conditions of drainage 
were somewhat altered but not in a way that would 
interfere with the conclusions. Sudden suction, where 
noted in Table IV, was applied to the sheet machine 
sheets in exactly the same way as for Table III, the 
grid plate with the formed sheet on it being transferred 
to the shallow trough for the application of the vacuum. 
In the case of the consistency apparatus, vacuum was 
readily applied in situ to the conical drainage water 
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receiver. As before, the vacuum used throughout cor- 


ae ; | BS g 
responded to a minimum of 25 in. of mercury. The SF 2 fe 
results of these tests are given in Table IV, | ge = os 8 

: ; SES g 
The outstanding result is that, in two cases, two- es Ml ane ) 5 
sided sheets comparable in every respect with mill Be SS ee Oke ce hes Z > 
¢ Neal 
manufactured paper, were made. Texture and shade 8 Bee ee ere ie 
differences are apparent to the same extent, and the 3 Fe a enone 
effect can be observed both with the naked eye and un- 2 ss Bs 
der the microscope. The particular conditions re- Ok a . ee) 
quired to produce this two-sided effect in the laboratory See 7 1 : 
method, using news furnish and the jogging sheet ma- oe: 209 a2 «xa ae 
_ chine, are: 3 StoonsS Sanco fe 
8 Sonca8 sontc o's 
1. Undiluted Breast Box Stock. If the stock is diluted, for & Pe oe oi 
example, with 4 parts of water, then both sides appear like an 5 se se 
under side. It seems obvious, therefore, that a true fractionation y SS aa a 
occurs at this dilution, and owing to the mobility of the stock, = ak = 9 6 
short and fine material can be withdrawn from all parts of the B ss * es S 
stock as it 1s agitated. With a more concentrated stock, such Sse 8 +H coil 1dO ® a 
as undiluted breast box stock, the viscosity is greater and move- = SSetawe Shiono = 
ment within the stock is restricted so that only the fine material - So+ton 2 g Sonwes Sa 
in the immediate neighborhood of the wire can be removed. S RR NSS KESE Be ea 
2. Water Up to the Wire Level. It is essential for water to be & = xe 2 
up to the wire level, not only when the stock is poured onto the 5 = & ay Z| 
wire, but also during most if not all of the drainage period. The lier a Uta ey Bs) 
fractionator is well suited to provide these conditions in combina- Tes| “ ii I 2 
tion with the small sheet machine grid plate and container, as Beek Sa 19 +H on 
because the water level outside the sheet container can be RBScco 8 3 ~Sronw ae 
adjusted as required. The normal procedure in making these Sac eae Le 
sheets is to run water into the fractionator until the sheet machine s eee eS fi wa ss 
wire is awash. The motor is then switched on to vibrate the 5 = x tees 
platform and grid plate, and the stock is poured onto the wire, 3 s 09 S Ss 
uniform distribution over the wire being aided by using the £ Sg aa oS omnes 
spreader. The fractionator drain cock is then opened at once = ss 5 i Shae Wh 
and drainage conditions are such that there is always water in aces © nO 44 Scr iy & 
contact with the machine wire during sheet formation. alee SSeS eee Snes 
3. Vibration. The wire must have a vertical vibrating motion 8/38 Boson fe poousn es 
with respect to the water so that the water passes up through ess ae an se FES £ eS 
the wire at the bottom of each stroke. Vibration of water and * Se ay se NS 
wire as a whole produce no two-sidedness, as shown in the cor- <i 38 a oO A N 
responding consistency apparatus experiments. In the labora- = Pose eS; 
tory fractionator used, the vertical movement is !/; in. and the : sts8 S 4 So 4 
speed of the eccentric producing the vibration is 700 r.p.m. eas s Zion aa n 19 Oo Os 
ae SiS) 66 KAS ee | 
- 5 “ = 3 ~oOoc GO. Ft 
Other points of interest and conclusions to be drawn < $ = ie a ere eS toe 
from the results given in Table IV are: Eas CBE SIGE Oa aa ag 
3 ° Oo ° 
ol. The total loss is higher in the sheets made on the sheet s ag * ea = 
machine wire with water below than in the corresponding sheets s s peas = 
made on the consistency apparatus; this is due, as already S| ee | non °° - z z 
indicated, to relative vibration of wire and water in the one case 38 8 5 sl é aie S& 
and not in the other. At breast box consistency, the under side s2° "| AAS $f me Rae. 
. : . Zo fs) SS OrOlO1556) = dOoONtHY HP 
of the immature sheet is disturbed and clay and flour are loos- 3s Derk te S Scomnen to | 
ened and washed from it leaving a skeleton structure composed ae 2 mNONO BEDS Alea | 
of the longer fibers. The vibration is purely a device for forcing 3 Ss oa] xe se 
water intermittently through the meshes. It seems probable ce = N 
that the same sort of effect is produced on the paper machine by | 3 oe oe be 
5 A ~ . = OD _ 
the surplus water under the wire and the action of the film of | o8 i‘ ‘I ZS 
water which is carried into the nip on the surface of the table rolls. pas = cet Pres s8 
Some of this water passes through the under side of the sheet, | | ; Se ebLeeS p Qa. re ‘a i 
disturbs and washes it, and is subsequently withdrawn. lt Sa wane a Ser es oie 5 
2. Extra suction, additional to normal drainage effects, is ONIN MOST OG a 
not needed to produce two-sidedness. 
3. The fact that diluted headbox stock made into sheets on 
the sheet machine wire has the greatest total loss, proves that a es > 
large total loss does not necessarily mean that paper will be two- m2 wy 
sided. oe oe 
=a 5S 
5 ‘ : a SS 
Sheets made from diluted stock were different in Ad 2 db | 
appearance from those made from undiluted stock. | ES ES 
Dilute stock sheets made on the sheet machine wire 39 ae 
: : E us| 
were very coarse on both sides, particularly when A rs RES 
? i A pe Ree ere S 
made with water up to the wire level, where the total Smee ge roles ge 8 
x Hoa S PD >°D DRG 
loss was so great (over 50%). Those made on the Sisa25 is oa oss orks 
Z 5 Sie hay rt we BSF © 
consistency apparatus, however, were in all cases pe- “B eet a Sae5 3c = Saas 
culiar in that the top side was coarser than the under SHED Sane aaD 
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side, and, as Table IV shows, the effect of water under 
the wire in this case and sudden suction has been neg- 
ligible. 

The reason for the difference between dilute stock 
and undiluted stock sheets and also the mechanism of 
two-sided production will be understood from the fol- 
lowing arguments. 

In the first place, two-sidedness is produced, as al- 
ready explained, using undiluted breast box stock made 
into sheets on the vibrating sheet machine wire. The 
up and down motion of the vibrating platform, on 
which the sheet machine wire and container are fixed, 
has the effect of reducing and increasing alternately 
the volume of stock above the wire, the water below 
the wire being, of course, maintained approximately at 
normal wire level. This rapid vibration thus has the 
effect of diluting and draining in quick succession the 
stock which is in the immediate neighborhood of the 
wire. 

If, now, the original stock used in the laboratory is 
dilute, the washing process is not confined to the region 
immediately above the wire, because the stock is con- 
siderably more mobile and the vibration enables 
mixing and fiber movement to occur during drainage. 
The result, therefore, is that there is a larger total loss, 
fine material is washed fairly evenly from all parts of 
the stock, and the sheet ultimately formed is not two- 
sided but it is coarse on both sides. 

The consistency apparatus container, on the other 
hand, although vibrating as a whole, cannot effect any 
alteration in the volume of the stock above the wire as 
the water below it is imprisoned in the cone-shaped 
receiver (the small drain cock being the only outlet), 
and there is, therefore, practically no relative move- 
ment between wire and water, and consequently no 
washing action. 

The special cases in which dilute stock sheets made on 
the consistency apparatus showed a coarser upper 
than lower surface, appear to have been due to some 
sedimentation effect in which the clay, and possibly 
some of the fine fibers, tended to settle in the bottom 
under the influence of vibration. As drainage pro- 
ceeded, the fine material on the under side was not 
washed away to any great extent, since one of the 
essential conditions for two-sided formation, viz., 
vibration of the wire relative to the water, was absent. 
When this condition was present, as it was in making 
dilute stock sheets on the sheet machine wire with 
vibration and water up to the wire, non-two-sided 
sheets were made, but they were coarse on both sides 
and the total loss was over 50%. 


TESTING THE LABORATORY THEORIES GN A VERY 
SLOW COMMERCIAL MACHINE 


Having now produced in the laboratory from news- 
print furnish two-sided paper showing the same com- 
position differences as paper made on normal speed 
commercial machines, and having also obtained from 
the various experiments carried out a fairly satisfactory 
explanation of the causes of composition two-sidedness, 
it was decided to arrange for tests to be carried out on a 
very slow 80 f.p.m. commercial fourdrinier machine, 
to see how the results compared with those on much 
faster machines. 

It had been observed that, if the explanations being 
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built up are correct, the running conditions at the wet 
end of this very slow machine might well be such as to 
produce paper, from a newsprint furnish and on a con- 
ventional wet end, which would be free from composi- 
tion two-sidedness. There was, in particular, the fact 
that, as the table rolls revolved, water could be seen 
dropping down at the bottom of the rolls indicating 
that at these very slow speeds there is little tendeney 
for the water to be carried up into the nip. In line 
with this observation, it was also seen that the very 
noticeable hump immediately above the table rolls on 
fast machines was almost entirely absent on this slow 
machine. This could, of course, be partly due to a 
much reduced suction pull on the down-running side 
of the table rolls, but it also could indicate that the 
amount of water pushing through the wire at the table 
roll nips was greatly reduced, as compared with fast 
machines, and that, therefore, the conditions needed to 
wash fine material from the under side and thus pro- 
duce composition two-sidedness were absent. This, in 
fact, proved to be the case. 

The normal production on this machine was a low 
erade heavy substance wrapping paper made for use 
within the mill. For the trial, however, a typical 
newsprint furnish containing some loading was used to 
make paper at a substance of around 55 grams per sq. 
m. (33.6 Ib. 24 X 36—500) with an ash content that 
varied through a 5-day experimental period from about 
3 to 6%. The total losses through the wire, as ex- 
pected, were found to be low, about 10% compared with 
the normal 35% or more using the same furnish on a 
fast machine, and visual examination of the finished 
paper showed it to be almost completely free from two- 
sidedness (actually, due to the unavoidable use of the 
coarse wire required for the heavy wrapping paper, the 
paper showed a rather prominent wire mark which 
was reduced but not removed on calendering. In 
spite of this, however, it can be seen that there is 
practically no two-sidedness due to differences in 
composition of the top and under sides). 

Confirmation of the lack of composition two-sided- 
ness was obtained by splitting various representative 
sheets into two approximately equal laminations and 
determining the ash content. Typical results compared 
with the analysis of a sheet made from a similar furnish 
but on a different machine at 1000 f.p.m. and exhibiting 
the normal differences in appearance of the two sides 
are as follows: 


—Ash content, Jo 


Top Wire 
side side 

Slow speed (80 f.p.m.) samples 
1 6.0 6.0 
2 4.5 4.7 
3 4.5 4.5 
4 6.2 5.3 
35 4.2 Sal 
Normal speed (1000 f.p.m.) sample HO it baa 


Some fuller results of the operating conditions 
during the 80 f.p.m. trial with examples of comparable 
figures at 1000 f.p.m. are given in Table V. 

All the evidence from these slow speed tests thus 
lined up satisfactorily with the theories advanced tc 
explain how composition two-sidedness occurs on me- 
dium and high-speed fourdrinier machines. 
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CONCLUSION 


From the identification of the causes of composition 
two-sidedness, the next obvious step is to consider the 
possibility of eliminating or reducing the factors con- 
cerned. As will be expected, many methods, a lot of 
them not particularly novel, have been tried. These 
include the use of mesh table rolls, scrolled table rolls, 
doctored table rolls, table rolls with water repelling 
surfaces, and stripper or scraper bars instead of table 
rolls. The results obtained have given indications of 
some improvement, but there have also been difficulties, 
such as reduction of water removing properties of the 
rolls, increased wire wear, the need for driving table rolls 
which are doctored, and the fact that water other than 
that from the table roll surfaces can get squeezed into 
the nip. There are also two overriding considera- 
tions: the first is how really necessary is it to overcome 
composition two-sidedness in high-speed groundwood 
papers, and the second is what advantages would there 
be from the papermaking point of view in being able 
to use breast box stock, the properties of which would 
be substantially the same as the machine chest stock 
from which it is derived? The first question involves 
printability and appearance, and, as was noted in 
the introductory remarks, the printing properties of the 
two sides are surprisingly similar considering the large 
difference in composition. The second question is 
particularly interesting because, at the time most of this 
work was done, there was quite a strong call by paper- 
makers for freer stock and these investigations appeared 
to offer one fruitful line of attack; but with today’s 
faster speeds in the 1500 to 2000 f.p.m. range there has 
been some reversal of this attitude, and in recent years 
means have been sought for preventing the water from 


Table V 
Very slow Moderately 
machine fast machine 
Basis weight, g./sq.m. 62.5 61.5 
Basis weight (24 X 36 
—500) 38.4 37.8 
Clay content, % Ove: 7.9 
Speed, f.p.m. 80 1010 
Machine chest stock 
consistency, % 
Fiber 2.10 2.58 
Clay 01227(9. 7%") Do CL! OG) 
Total 2.32 2.93 
Breast box stock 
consistency, % 
Fiber 0.746 0.657 
Clay 0.114 (13.3%) 0.163 (19.9%) 
Total 0.860 0.820 
Wire pit stock 
consistency, % 
Fiber 0.049 0.241 
Clay ORODI GIES.) 0.149 (38.3%*) 
Total 0. 00 0.390 
Approximate wire 
losses, % 
Fiber 6 36 
Clay 45 91 
Total 1] 47 


“ These figures show the loading expressed as a percentage of the total 
solids. 


leaving the wire as rapidly as it does under modern 
conditions. 

Since this is a symposium with full opportunities for 
discussion, it is hoped that these two aspects of the sub- 
ject may be considered and commented upon, and also 
that some, at least, of the investigations, even if they 
have not broken much new ground, will stimulate 
contributions that will help to elucidate further the 
fundamentals of the wet end. 


Laboratory Investigation of Water Removal by a Dynamic 
Suction Box 


LARS NORDMAN 


An attempt was made to study the dewatering under 
suction of sheets made in the laboratory by means of an 
apparatus that was built to facilitate application of suc- 
tion for time intervals approaching those occurring on a 
fast-running paper machine. Suction times of 0.1 sec. 
and less were obtained by moving a suction box with a 
narrow suction slit underneath the wire on which the sheet 
was formed. The width of the suction cpening in the box 
and the speed of the box determine the time of suction. 
The effect on the dryness of the sheet of basis weight and 
temperature of the sheet and of the time of suction was 
investigated. Dryness increases as the basis weight de- 
creases and as the temperature and time of suction in- 
crease. For groundwood pulp the amount of fines present 
in the sheet has a definite effect on the dryness: a high 
percentage of fine fibers will decrease the dryness after 
suction. The freeness value of a given kind of pulp is 
only a rough indication of the dewatering properties under 
suction. The dryness of sheets made from chemical pulp 
L. NorpMmANn, Head of the Paper Dept., Oy Keskuslaboratorio-Centrallabora- 


torium Ab (The Research Institute of the Finnish Pulp and Paper Indus- 
tries) Hesperiagatan 4 Helsinki-Helsingfors, Finland. 
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decreases sharply with the beating time of the pulp, 
especially in the early stages of beating. Compared on a 
freeness basis, groundwood pulp obtains a greater dryness 
than a chemical pulp beaten to the same freeness value. 
In the case of groundwood-sulphite mixtures, the dryness 
of the sheets is proportional to the chemical pulp addition, 
the amount of beating of the pulp determining whether 
the dryness will increase or decrease. 


IN ALL investigations of the wet web strength 
the importance of the dryness of the sheet has been 
stressed. An increase in the dryness of a groundwood 
sheet from 19 to 20%, for instance, will increase the 
strength of the web by about 4 to 12% as reported by 
various authors (/-5). Therefore, it seemed in order 
first to examine the factors that affect the dryness of 
the wet paper web. Similar investigations had_ pre- 
viously been carried out on a laboratory scale (2, 6, 7) 
but the testing conditions do not seem to correspond 
with the dewatering conditions met with in practice. 
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On a fast-running machine, water amounting to about 
100 times the weight of the fibers is drained in a few 
seconds. After such a short time the sheet must stand 
the severe mechanical stress exerted on it when the web 
is transferred from the couch roll to the first press. 
The dryness of the web at this point is ultimately de- 
termined by the action of the suction roll. Moreover, 
the time available for action is from about 0.03 to 0.08 
second, depending on the speed of the machine. With 
the kind of testing equipment used so far it has been 
impossible to drain sheets under suction by use of a 
suction time even approaching the short time interval 
available on a paper machine. Since it has been found 
that the dryness increases very rapidly during the first 
seconds of suction and then approaches a more or less 
constant value, the tendency has been, in laboratory 
investigations, to apply suction for a time long enough, 
10 to 60 sec., to allow the dryness to reach its equilib- 
rium value. In this way it has been possible to mini- 
mize errors due to an inaccuracy of the determination 
of the suction time. It is, of course, true that working 


on the steep part of the dryness-time curve calls for an 
exact time control, but on the other hand, it must be | 
noted that the dryness of the web on a paper machine | 
never will reach the semiequilibrium state. It is, there- 
fore, doubtful whether a comparison of different quali- 
ties of pulp in regard to their behavior on a suction rol] 
can be made on the basis of their dryness after a long 
period of suction. 

In dewatering under suction two phases are distin- 
cuishable: first, when water only passes through the § 
sheet, and second, when air as well as water is removed. 

In the first phase, the pressure difference will cause a . 
stream of water to move through the capillaries of the | 
sheet. The surface tension of the water and the fric- | 


Fig. 3 


tion between the water and fibers will compress the wet 
fiber mat. The compression goes on only as long as at 
continuous water front moves in the sheet. At this} 
stage a high compressibility of the wet fiber mat is 
advantageous since a highly compressed sheet contains 
only small, water-filled capillaries between the fibers 
(8). | 

Wet fiber mats, however, are elastic, and as the water 
front moves downward during the drainage, the top 
layers tend to expand. Air will then enter the en- 
larged capillaries between the fibers. In the end there} 
will be a stage where continuous air channels run’ 
throughout the entire thickness of the sheet. If the} 
pressure difference is still maintained, a stream of air 
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will supplant the former streaming of water through 
the sheet. 

The stream of air can theoretically drain the sheet in 
two ways: either by the evaporation of water into the 
air stream or by the mechanical action of the air 
stream, whereby small water particles are torn away 


- and transported by the fast air stream. <A calculation, 


however, shows that even if the air at the prevailing 
temperature and pressure were saturated with water 
vapor, the amount of water removed in this way would 
be negligible. The main effect of the air stream is, 


therefore, a mechanical transportation of water parti- 


cles. 


APPARATUS 


For a laboratory investigation of the behavior of 
different pulp qualities under suction conditions similar 


_ to those existing in a paper machine, it was considered 


necessary to build a new laboratory apparatus. The 
apparatus should be designed to meet the following 
requirements: 


1. The sheet should be formed under a comparatively low 
pressure difference. This corresponds to the action of the table 
rolls. 

2. After the sheet is formed and has a dryness from 3 to 5%, 
suction should be applied by means of a constant capacity pump. 

3. The capacity of the vacuum pump should allow the pres- 
sure drop across the sheet, when air is drawn through, to be com- 


# parable to normal vacuum values for newsprint suction rolls. 


4. Each point of the sheet under test should be subjected to 
suction for a constant time of not more than one tenth of a 


» second. 


: 
“8 
(} 


So that the very short period of suction required 


| could be attained, the design of the apparatus was based 
} on the following facts. 
ja given point of the web on a paper machine is sub- 
¥j jected to suction, is directly proportional to the width 
jand the free space of the suction boxes and inversely 


The time interval during which 


proportional to the speed of the machine. The time 


H/interval will, therefore, be unchanged if the free width 


as well as the speed difference between the suction box 
and the wire is reduced in exactly the same proportion. 
This makes it possible to build a laboratory apparatus 
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Groundwood pulp. Freeness 113. Suction time 0.089 sec. 
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in which the difference in speed between the suction 
box and the wire is controllable. If, for instance, a 
time interval of 0.1 sec. is desired with a free width of 
*/1¢ in. for the suction box, the speed difference should 
be 10 f.p.m., or approximately 5 cm. per sec. A 
differential speed of this magnitude can be easily main- 
tained and controlled in a laboratory apparatus. In a 
laboratory apparatus, however, it is more convenient 
to have the wire stationary; therefore, the difference in 
speed must be obtained by moving the suction box. 


Here a description is given of the design of the lab- 
oratory apparatus and the method of testing, Fig. 1. 
For sheetmaking a 47 by 60 mesh newsprint wire is 
used. The wire is fitted to the circular wire frame of a 
standard German sheetmaking apparatus, the Rapid- 
K6then sheet mold. This sheet mold is also utilized 
for making the sheet, but without use of the vacuum 
pump of the sheetmaking equipment. The pulp 
suspension is drained and the sheet is formed under the 
comparatively low head of the pulp suspension only. 
This will cause no undue compression, and the dryness 
obtained, from 3 to 5%, will be of the same magnitude 
as the dryness obtained on a paper machine after the 
table rolls. Before sheetmaking a light rectangular 
frame is placed on the wire. The purpose of the frame 
is to limit the testing area of the sheet and to prevent 
water from re-entering the testing area from adjacent 
wet areas after the suction period. The wire together 
with the wet sheet and the limiting frame are then trans- 
ferred from the sheetmaking apparatus to the suction 
apparatus. The wire frame is placed on the table and 
fastened to it so that the under side of the wire rests 
exactly on the planed upper surface of the suction box, 
Fig. 2. The suction box can be moved horizontally 


555 


20 


ine) 
ine) 


DRYNESS, % 


2| 


300 400 500 
SUCTION TIME CALC.AS MACHINE SPEED, 
M./ MIN. 
Fig. 6 


Groundwood pulp. 


under the wire by means of a threaded spindle and a 
nut. The spindle, and thus the suction box, can be 
given three different speeds by means of three wheels 
that are driven by an electric motor. Since it is essen- 
tial that the suction box be accelerated to full speed 
before it enters the testing area, the motor, furnished 
with a flywheel, is kept running and is connected to the 
spindle by means of a friction coupling only for the 
test. After the suction box has passed the testing area, 
the motor is disconnected. 

The suction box is connected through a water separa- 
tor to a flap-type Alfa-Laval vacuum pump with acapac- 
ity of 25 c.f.m. (Fig. 3). The vacuum in the suction 
box is measured with a mercury manometer. 

When the suction test starts, the suction box with 
the vacuum pump running is at the left. When the 
wire is placed on the table, the suction box starts to 
drain the sheet immediately, but since the opening of the 
suction box is outside the limiting frame, this will not 
affect the test. The electric motor is connected to the 
spindle, and the box starts to move to the right and will 
be accelerated to full speed before it reaches the testing 
area. The manometer is read while the box passes 
underneath the testing area. The motor is then shut 
off and the limiting frame removed. The sheet inside 
the limits is transferred into a weighing bottle for an 
ordinary dryness determination. 

The opening in the suction box facing the under side 
of the wire is 4.85 mm. wide and 120 mm. long. The 
three traveling speeds of the box are 4.18, 5.51, and 
6.38 cm. per sec. This, with the width of suction 
opening mentioned above, will give suction times of 
0.117, 0.089, and 0.076 sec., respectively. 

A statistical treatment of the dryness results obtained 
shows that the 95% confidence limits of a mean based on 
10 single determinations will on the average be +0.13%. 


This means that an observed difference between two 
means of 0.2% must be considered significant at the 
95% level. The confidence limits for the vacuum 
value are correspondingly +3.1 mm. of mercury. 

To return to general remarks on water removal 
under suction, the two phases, water-streaming and 
air-streaming, take place simultaneously over the same 
suction opening in the laboratory suction apparatus. 
At the advancing edge of the suction box slit there will 
be a passage of water through the sheet only, while at 
the receding edge air as well is drawn through. Some- | 
where between the two edges of the slit there will be a 
line where air first enters the sheet. The pressure | 
difference developed between the two sides of the sheet 
will primarily depend on where this line is situated, 
that is, on the percentage of the sheet area over the 
suction slit that is permeable to air. Secondly, the 
pressure drop depends on the specific resistance to || 
passage of air offered by the wet sheet. The position | 
of the line where air enters the sheet depends on the | 
quality of the pulp. A free pulp parts easily with its 
water, and the line will be nearer to the advancing edge 
of the suction box slit, and air can thus pass through 
a comparatively large part of the box opening. The |} 
resistance of the sheet is consequently low, and the pres- }} 
sure drop, with a constant volume of air passing through | 
per unit time, will be fairly small. In the case of a 
slow pulp, the part of the sheet over the slit that is 5 
sealed off by water is large, and this leads to a high 
vacuum value. The vacuum value read on the manom- 
eter when the box is moving is, therefore, always 
higher than when the box is standing still, because in } 
the latter case air can pass through the whole sheet | 
over the box opening, and the sheet offers, therefore, 
less resistance to the stream of air. As soon as the 
suction box starts moving, the vacuum value adjusts 
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Groundwood pulp. Suction time 0.089 sec. 


Vol. 34, No. ll November 1954 


TAPE 


f 


u 


a 


ee eS eS ees 


evey Fe 


(aware rt tes 
———— 


aA PPT 


itself to an equilibrium value, which depends on the 
pulp quality, the web characteristics such as basis 
weight, temperature, etc., and the speed of the suction 
box. 


EXPERIMENTS 
Effects of Basis Weight 


When laboratory sheets are being made, small 
deviations in basis weight from sheet to sheet are un- 
avoidable. It was therefore, considered necessary 
that the effect of basis weight on the dryness be 
“investigated so that the errors arising from inac- 
curacy in sheetmaking could be estimated. ‘The in- 
vestigations were carried out over a range of basis 
weights from 45 to 70 grams per sq. m. It was 


» found that the differences in dryness were compara- 


tively small with a tendency that higher basis weights 
gave lower dryness values after suction. An increase 
in basis weight of 10 grams per sq. m. caused, thus, a 
decrease in dryness from 0.1 to 0.5%, depending on the 
pulp. These investigations were all carried out for 
groundwood pulp. Since the basis weight seldom 
varies by more than 1 to 2 grams per sq. m. in a test 
series, the variability of the basis weight will obviously 
not be a serious source of error. 


Effect of Temperature 


Temperature is another factor which varies consider- 
ably if ordinary tap water is used for sheetmaking. 
Fluctuations from 3 to 25°C. occur during the year. 
Temperature is, of course, a major factor in mill opera- 
tion also, and it offers one of the few possibilities for 
bettering the drainage properties of a given pulp 
without changing the machinery in any way. An 
investigation was, therefore, carried out at three differ- 
ent temperatures, 20, 30, and 40°C., with a fairly coarse 
newsprint groundwood pulp. The results in Fig. 4 
indicate that an increase in temperature of 10°C. in- 
creases the dryness of the sheet by about 0.5% and that 
at the same time there is a drop in the vacuum value of 
about 10 mm. of mercury. This is, of course, a result 
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Groundwood pulp. Freeness 72. Suction time 0.089 sec. 


of the decrease in viscosity of the water facilitating a 
more rapid water removal in the water-streaming 
phase. The length of the air-streaming phase will be 
correspondingly increased. This can be seen from 
the decrease in vacuum with increasing temperature. 

In the following investigations the temperature was 
kept at a constant value of 20°C. 


Effect of Suction Time 


The purpose of the following was to investigate the 
effect of suction time on the dryness of the sheet. A 
fine and a coarse groundwood pulp with freeness values 
of 67 and 105, respectively, were used. The suction 
times were 0.076, 0.089, and 0.117 sec. The dryness 
obtained is plotted as a function of suction time in 
Fig. 5. In Fig. 6 the same results have been plotted 
against the calculated speed of a hypothetical paper 
machine with five flat suction boxes, 12 in. wide; a 
suction roll wet box, 12 in. wide; and a dry box, 9 in. 
wide, with a free space of 30%. <A definite, but fairly 
small decrease in dryness with decreasing suction time 
or with its equivalent increased machine speed can be 
observed. In this connection it is interesting to com- 
pare the laboratory results with results obtained on the 
Swedish experimental machine as reported by Brauns 
(9). From two graphs for a kraft pulp it can be de- 
duced that there is a difference in dryness of about 
0.8% between a suction time of 0.06 and 0.12 see. 
This difference is about the same as that obtained with 
the laboratory suction box. It is, furthermore, in- 
teresting to note that even a fairly large increase in 
machine speed, e.g., 50 m. per min., would decrease the 
dryness by less than 0.5%, which would correspond to 
a drop in wet web strength of approximately 3%. 
Since a newsprint machine is usually running with a 
safety margin of about 30% of the web strength, it 
seems improbable that the decrease in dryness alone 
could account for the increased number of breaks at 
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the couch that is encountered when speeding up a ma- 
chine. 


Groundwood Pulp 


One of the main reasons for building the moving 
suction box was to get an apparatus with which it 
would be possible to evaluate the dewatering properties 
of different qualities of pulp. However, in the case of 
groundwood pulp, the loss of fines through the wire is 
great, and a sheet formed on a coarse wire is, therefore, 
not representative of the pulp sample in question. 
On a paper machine the loss through the wire is still 
greater, but there the fines are recirculated and the 
sheet will, therefore, have approximately the same 
fiber composition as the pulp from which it is made. 
It was, therefore, considered necessary to investigate 
to what extent the loss of fines effects the dryness after 
suction, so that it could be decided whether or not 
a closed backwater system had to be used with the 
sheet mold. The Rapid-K6then sheet mold used for 
sheetmaking was, therefore, funished with a closed- 
water system, and comparative tests were made with 
and without this backwater system for a series of ground- 
wood pulps. For checking the fiber composition of 
the sheets after the suction test, freeness tests were 
made on pulp removed from the wire outside the 
testing area, and these values were compared with the 
values obtained for the original pulp. It was found 
that the freeness values for the sheets were consider- 
ably higher than the value for the original pulp if the 
backwater system was not used. If a closed-water 
system, however, was used, the fines content in the 
backwater reached an equilibrium value after a suffi- 
cient number of sheets had been made, and at the same 
time the freeness values of the sheets were virtually 
the same as those of the original pulp. 

A comparison of the dryness after suction showed 
that there was a definite difference between sheets 
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made with and without recirculation of fines. For all 
qualities of pulp investigated, sheets made with a 
closed backwater system showed a loss in dryness 
ranging from 0.5 to 0.7% over sheets made without 
recirculation of fines. In Fig. 7 the results have been 
plotted against the freeness of the sheets. It is evident 
that neither the dryness values nor the vacuum values 
for sheets made with and without the backwater system 
fall on a common curve. These results indicate that 
the freeness value does not uniquely describe the de- 
watering properties of pulp under suction, especially if 
the freeness value is affected by other factors than the 
erinding itself, in this case, a form of fiber fractionating. 
This is really quite natural, since the freeness value, 
determined under completely different conditions in 
respect to dilution and head, could not be expected to 
give information, for instance, about the air permea- 
bility of the wet sheet, which is a factor determining 
the dryness after suction. 

It is striking that although the removal of fines causes 
an increase in dryness for a given pulp, the dryness 
values, as compared on a freeness basis, are lower than 
those obtained for pulp still containing fines. Also, 


in the case of the vacuum values, it is found that the | 
order of the curves is reversed to what could be logically _ 
This must be explained by an as- | 
sumption that the freeness value is extremely sensitive + 


expected (Fig. 8). 


to variations in the fines content with the sensitivity 
being in no proportion to the actual effect of the quan- 
tity of fines removed or added. 

For investigating more closely the relationship be- 


tween the fines content and the dryness without making | 


the comparison on the basis of the doubtful freeness 
value, the following test series was carried out. 
were made of a groundwood pulp by use of the water 
circulation system and a fixed pulp quantity. Before 
the equilibrium conditions in the backwater were 
established, contrary to the usual practice, all sheets 
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Fig. 11. Mixtures of groundwood pulp and beaten chemi- 
pulp 
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»were tested starting with the first in the series. The 
last sheet had, thus, the greatest loss of fines. The 
‘second sheet was made by use of the circulating water 
which now contained a given small amount of fines. 
‘The water for the third sheet contained even a greater 
jamount of fine fibers, etc. Each sheet contained, thus, 
ja greater amount of fines than the preceding one in the 
series. This will be directly reflected in the basis weight 
of the sheets since the sheets were all made by use of a 
sconstant amount of pulp. The series was continued 
vafter equilibrium was reached by adding increasing 
amounts of fines separated from the same pulp to the 
constant amount of pulp used in the sheet mold. Also, 
in this case the increase in basis weight of the sheets 
will be proportional to the content of fines. In this way 
it was possible to vary the amount of fine fibers in the 
yseries from —15 to +30% with the zero point repre- 
‘senting the fines content in the original pulp. The re- 
‘sults in Fig. 9 indicate a straight-lme relationship 
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between the dryness and the fines in the pulp with a 
7 high content of fine fibers giving a low dryness, and vice 
‘versa. In this experiment the basis weight as well as 
»the fiber composition was varied, but since previous 
vinvestigations already had shown that the effect of 
basis weight variations is very small, the main effect 
jon dryness is that of the fine fibers. 
This relationship will have some practical conse- 
fquences. A paper machine receiving at the headbox, 
pulp of a constant composition which has been diluted in 
» aconstant proportion with white water, the fines content 
of which is in equilibrium, should, after the suction 
Fcouch roll, give a paper web of constant dryness. If 
>the dilution, however, is increased, the fines content of 
sthe sheet will momentarily increase with a decrease 
in the dryness as a logical consequence. Since more 
‘fines than normal are transported away with the web, 
‘the fines content of the white water will gradually 
decrease. This leads to a gradual decrease in the 
+ fines content of the web, whereby the dryness increases. 
In this way a new equilibrium state is gradually at- 
‘tained, which is not disturbed before the dilution is 
Bohenged again. 


Chemical Pulp 


' All investigations so far were carried out for ground- 
i wood pulp. The following investigations were con- 
Scerned with chemical pulp and especially with the effect 
| of beating on the dryness after suction. In these tests 
> the suction conditions of the laboratory apparatus were 
‘not altered in any way, and the pumping capacity de- 
simed originally to correspond to that of newsprint 
“machines is perhaps fairly high as far as paper made 
“from chemical pulp is concerned. In this way the 
= of air will have a more pronounced effect on 
>the dryness of the web than normally. The reason for 
not altering the conditions was the desire to have a 
*common basis for comparison of these two types of pulp, 
| An unbleached sulphite pulp was beaten in a Valley 
beater to different degrees of wetness as measured by 
the freeness test. The results obtained have been 
‘plotted against the freeness value in Fig. 10. In this 

diagram the dotted area represents dryness values 
obtained for groundwood pulp. It is evident that the 
i two types of pulp behave in a radically different manner 
dwhen subjected to suction. Although the vacuum val- 
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ues developed under the given suction conditions are 
much higher for chemical pulp than for mechanical 
pulp over most of the range of freeness values, the dry- 
ness of a groundwood sheet is about 5% higher than 
the dryness of a sheet made from chemical pulp beaten 
to the same degree of wetness. This seems to be in 
agreement with practical experience. 

The dryness values obtained for this particular pulp, 
as affected by beating, are typical of all chemical pulp 
qualities investigated. In the very early stages of 
beating there is a pronounced drop in dryness. This 
means that the dryness after suction is more sensitive 
to beating than the freeness value. In the freeness 
range from 600 to 200 ml. the decrease in dryness is 
moderate, but at low freeness values the dryness again 
falls off rapidly. 

At high freeness values sheets of sulphate pulp usu- 
ally obtain a lower dryness than sheets of sulphite pulp. 
At high freeness values the vacuum developed with 
sheets of sulphate pulp is much lower than that ob- 
tained for sheets of sulphite pulp, but at low freeness 
values the difference in vacuum becomes less pro- 
nounced, and here sheets of sulphite pulp obtain a 
lower dryness than sheets of sulphate pulp. 

When sheets of mixtures of chemical pulp and ground- 
wood pulp are being made, the dryness of the sheets will 
depend on both the amount and the wetness of the com- 
pounds. The effect of an addition of chemical pulp will 
be purely additive, as can be seen from Fig. 11. In this 
special case, where unbleached sulphite pulp beaten in 
a Valley beater has been mixed with an ordinary news- 
print grade groundwood pulp, the effect of a chemical 
pulp addition is beneficial, as far as the dryness of the 
sheet is concerned, up to a beating time of the chemical 
pulp of about 40 min., which corresponds to a freeness 
of 315 ml. Increasing the beating time from this point 
onward will only decrease the dryness of the sheets 
made from mixtures of these particular pulp qualities. 
This is a case analogous to the effect of removal and 
and addition of fines to a groundwood pulp mentioned 
above. The highly beaten chemical pulp is in this 
respect comparable to the fines of the groundwood 
pulp. In both cases the dryness is directly proportional 
to the amount of fine fibers present in the mixture. 

All these observations refer only to the dryness of the 
sheets. The question of the wet web strength of 
sheets made from pulp mixtures is more complicated, 
as has been pointed out by Logan (/0) and Brecht 
and his co-workers (/7). In this case the dryness of 
the sheet and the strength characteristics of the compo- 
nents may work in different directions, and it is, there- 
for, advisable to test the wet web strength of the sheets 
made from the mixtures at the particular dryness that 
is obtained when the sheets are drained under proper 
suction conditions. The moving suction box has, 
therefore, been used also for preparing sheets for tests on 
wet web strength, the procedure being the same as 
that applied for dryness tests. 


CONCLUSIONS 


In an investigation of the fundamentals of the paper 
machine, it is extremely difficult to find the proper scale 
of the equipment with which the tests are performed. 
The range from the freeness tester, or the ordinary 
sheet mold, to the paper machine is very great. In- 
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vestigations on a full-scale paper machine are extremely 
costly because of the interference with the production 
and because uncontrollable factors will undoubtedly 
have an effect on the results. 

The moving suction box discussed here is another 
approach to a compromise between full-scale and small- 
scale experimentation. The treatment of the problem 
under consideration is the same as that applied by Wrist 
(12) in a study of the action of the table rolls, and by 
Sergeant (/3) in an investigation of the headbox, that is, 
building a single unit where the conditions of the paper 
machine can be simulated and where the dimensions 
of the unit are such that the apparatus can be operated 
in an ordinary laboratory. It is hoped that by a utiliza- 
tion of the moving suction box, or perhaps a more re- 
fined model of it, some of the problems relating to 
drainage under suction can be, if not solved, at least 
brought nearer to their solution. 
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DISCUSSION 
TUESDAY SESSION, SEPT. 21, 1954 


At the first panel discussion and question period, held in con- 
junction with the Symposium, Fundamentals of the Paper 
Machine, K. C. Logan was moderator. 

Moprrator Logan: Will the meeting please come to 
order? All have met the speakers on today’s program. 
There are several discussion leaders, though, who have not 
been introduced. I would like to call upon Jasper Mardon, 
Northeastern Paper Products, who will discuss Professor 
Steenberg’s paper to stand. Next, W. T. Bennett, Canadian 
International Paper Co., who will lead the discussion on Mr. 
van der Meer’s paper. Joe Chapman, Albert E. Reed Co., 
will lead the discussion on Mr. Van den Akker’s paper, 
and H. W. Bennett of Kimberly-Clark Corp. will lead the dis- 
cussion on Mr. Mason’s paper. 

There have been a number of questions put in the question 
boxes. These questions will be asked by the discussion leader 
to whomever they are directed during the course of the dis- 
cussion. But first of all, there will be a very general discussion 
of the papers by the discussion leaders. 

The first paper of this morning by Mr. Van den Akker is to 
be discussed by Joe Chapman. 

CuapMaN: With this galaxy of talent present, I feel very 
difident about being asked to introduce a discussion but 
I will do the best I can. Mr. Van den Akker gave an ex- 
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tremely good review of hydrodynamic theory applied to } 
fiber suspensions, but I think there are several controversial 
points that have arisen. 

In the behavior of the fiber in water, it was stated that the 
viscous strongly predominates over the inertial forces. I 
would say that if that were so, then on slow running machines 
the shake would have no effect at all if the viscous forces did 
actually predominate to a greater extent. I would like Mr, 
Van den Akker to comment on that. 

I think also that Mr. Mason does not agree that the 0.5% 
consistency behaves as nearly as does water. I think that it is 
up to the papermakers in the audience to bring the discussion 
down to brass tacks and point out various practical questions |) 
to ask of Mr. Van den Akker as to how he would regard them | 
in the light of his views on the phenomena of hydrodynamics, | 


Moprrator Locan: Thank you, Joe. I wonder if you | 
would care to make any comments, Mr. Van den Akker? 

Van pvEN Axkker: First, with regard to the relative ef- 
fects of viscous and inertial forces, the theory was corrobo- | 
rated by the observations of Bryant and Moss on individual | 
fibers and the point is important whenever one has occasion | 
to think about the relative motion between individual fibers 
and water. 

In consideration of the shake of paper machines, one is con- } 
cerned with the fiber bundles or fiber agglomerates. As the 
wire shakes the most important factor is the inertia of the | 
slurry. The most important point here is that the wire | 
probably moves relative to the whole slurry. 


With regard to the motion between the fibers and the water | 
in the slurry, here the consistency is so high that we are not 
considering so much the relative motion between individual | 
fibers and the water as we are the motion between fiber ag- 
glomerates and water. I think that you will find, of course, 
that a fiber agglomerate with its associated water will act — 
quite differently than an isolated fiber. There are situations |) 
where technical men think and talk about the motions of 
isolated fibers; for these, viscous forces are more important 
than inertial; we should quit talking about logs. 

W. T. Bennerr: I would like to suggest that in our ex- 
perience there is no thickening up or change in the consistency 
on the wire until the slurry actually forms a mat. You geta 
progressively thicker mat but that part above the mat is just 
as fluid a fluid as when it left the slice. Does that coincide 
with your observations? 

Van DEN AKkxkeER: I have no personal observations on 
this point but I have heard many people discuss it and that } 
certainly does coincide with the considered general opinion. | 

Subdividing the problem still further I would say that the 
effect would be the inertia of the slurry of water and fiber 
above the mat relative to the mat that has been formed. 
However, in this case and in this slurry of which you speak, 
the consistency is so high that the fibers do not act individually. 

W. T. Bennerr: That is right and I know that we will 
all agree on that. 


A. H. Nissan (University of Leeds): I would like 
to ask Mr. Chapman to explain why he thinks that the shake 
on the machine is connected with inertia more than with 
viscous effects and vice versa. 


CHAPMAN: I would suspect that if the viscous forces 
did strongly predominate over the inertial forces, that you 
would get the fibers following the waves in the stock. How- | 
ever, there is a different effect which would indicate that the 
inertial forces operate. 


Guorce F. Unprruay (Bowaters Development and Re- 
search Ltd.): Could we just make the point, as this business . 
of a machine stock and machine shake has come into the pic- 
ture—rather in line with what Mr. Steenberg was saying this _ 
morning with regard to cylinder machines—that the shake is 
an inadvertence to the papermaker who makes paper properly. 
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He gets his fiber on the wire, and then he shakes the wire with 
those fibers stuck on it in the hope that the little fibers may 
hit little holes where the suction is a little more accommodat- 
ing, and the suction may make up a decent sheet. 

W.T. Bennert: Is there any disagreement that the shake 
is completely ineffective over 1200 ft. anyway? 

C. C. Porter (Southland Paper Mills, Inc., Lufkin, Tex.): 
Not from here. 


CuapMAN: Have any papermakers any definite problems 
which Mr. Van den Akker can discuss? A variation in 
flow from the slice? How severe is that under different 
conditions and different consistencies? And how do you im- 


__ prove that? 


Moperaror Locan: I wonder if it might not be a good idea 
if we let Mr. Van den Akker have just a little while to think 


that one over; and we can raise that question with him 


later. 
VAN DEN AKKeER: I wish I had the answer. 


Mopprator Loaan: We wish to cover each of the speaker’s 
discussions in a general way, and then we will throw the meet- 
ing open for general discussion, so that it will be possible to 
direct your questions to any of the speakers or members of the 
panel. I will now pass the discussion on to Henry Bennett of 
Kimberly-Clark to make a few comments on Mr, Mason’s 
paper. 

H. W. Bennerr: The only general comment that I have 
on Mr. Mason’s work is that my associates and I at Kimberly- 
Clark all feel that it is through this type of basic work that 
we will answer the difficult question of what causes flocs, and 
how to eliminate them. I think that he is to be congratulated 
on his work. Later on, I do have a number of questions. 


Moperator Logan: Thank you, Mr. Bennett. Next is 
Wes Bennett, of Canadian International Paper Co., who is 
the discussion leader for Mr. van der Meer’s paper. 

W. T. Bennett (Canadian International Paper Co.): This 
paper covers a very great deal of territory. Certainly Mr. 
van der Meer has done a marvelous job in covering such a 
field, and also in giving us quite a bit of factual engineering 
information that can be applied in actual headbox and slice 
design. At the same time, because of the very natural 
differences of opinion that exist in this room on what to ex- 
pect from a headbox and slice and what kind of a design to 
use, there is plenty of room for discussion. There have been 
a number of questions handed in which will bring out various 
phases of design that are set forth in the paper. 

There is one very obvious thing about the paper, and that is 
that it shows how generally widespread throughout the in- 
dustry is the use of holey rolls to try to do something with 
stock. It shows, I think, that our knowledge of the behavior 
of the stock after the holey roll is still not all that is to be de- 
sired, 

Moperator LoGaN: The discussion on Mr. Steenberg’s 
paper will be led by J. Mardon. 

Marpon: What I think we will do when we come to Mr. 
Steenberg’s paper proper is, first of all, to take the discussion 
points on his written paper, and then we will have the dis- 
cussion points on the paper he delivered. 

Moprerator Locan: I think now that we have covered 
the papers generally, we can now go to the questions proper. 
The meeting is open for discussion, either from the floor or 
from the panel. 

H. W. Bennett: I have a question, Mr. Mason, from Mr. 
Cushing, of Stein, Hall & Co. In view of the many pieces of 
evidence that additives such as locust bean gum cause a de- 
crease in rate of flocculation, how does one rationalize this to 
fit a picture of mechanical entanglement as the prime cause of 
flocculation? 

Mason: This is a very pertinent question but one which 
cannot yet be readily answered. There is no doubt about 
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the pronounced deflocculating effect of additives such as 
locust bean gum; ample evidence of this is given by actual 
mill experience and confirmation of the effect has been ob- 
tained by a number of laboratory investigations of which 
the latest is described in reference (2). We do not know the 
mechanism of the action of these additives and it was, in fact, 
with this in mind that it was stated in the introductory para- 
graph that “Fiber bundles are generally, but not necessarily 
exclusively, formed by a purely mechanical entanglement of 
fibers.” 

While the mode of action of these additives remains to be 
explained, the mechanical entanglement hypothesis does not 
necessarily fall down in this case. There are two possibilities. 
The first is that the gums become deposited on the surface of 
the fiber with the effect of smoothing out the surface rough- 
ness, thus to facilitate slipping past one another without 
entanglement, i.e., the gums act as surface lubricants. The 
second, but in my opinion less likely, possibility arises from the 
fact that dilute solutions of these gums are non-Newtonian, 
i.e., their viscosity coefficients vary with the rate of shear. 
This may have a profound effect on the rotational orbits of 
the fibers since the shear field existing in the neighborhood of 
a particle will be different from the case of a Newtonian liquid. 
We have not yet been able to examine either of these possi- 
bilities using experimental methods which I have described 
since these experiments have been carried out in a highly 
viscous liquid medium, not in water, to avoid sedimentation 
effects. 

We are still trying to devise experiments which will serve to 
elucidate the mechanism involved with these additives, but 
due to a number of difficulties which I am sure you will ap- 
preciate, we have not yet been able to get at the root of this 
matter. 

To summarize, the deflocculating effect of these materials is 
recognized, the reasons for the effect are not known, but the 
mechanical entanglement mechanism outlined is not neces- 
sarily excluded in this case. 

H. J. Buncxe (Oxford Paper Co): Have electric charges 
carried by individual fibers any effect on the flocculation of 
fibers? 

Mason: At very low fiber concentrations and at low 
velocity gradients, as for example in the making of standard 
handsheets, it has been shown that the zeta-potential of the 
fibers, which can be varied by varying the ionic strength 
of the aqueous medium, appears to influence the formation 
characteristics of the resulting sheets. We have, however, 
found that it has no measurable influence upon flocculation 
in suspensions subjected to velocity gradients comparable in 
magnitude to those expected in the headbox of a paper ma- 
chine. This does not exclude the possibility that the zeta- 
potential may influence flocculation on the machine wire, 
particularly in the last stages where the velocity gradients 
are damped out, but it has not yet been possible to study 
this under controlled experiment conditions. 

R. E. Borpexer (Container Corp. of America): Would 
you expand on your conclusion that flocculation is primarily 
mechanical? Do you mean to indicate that electrokinetic 
potentials, ete., are of little importance in actual paper ma- 
chine systems? With regard to flocculation, that is. What 
is the present status of thinking on electrokinetic potentials? 

Mason: This question is similar to the preceding one. 
However, in view of the widespread view that the zeta- 
potential has a pronounced influence on flocculation under 
conditions of practical papermaking, just as it has on the 
stability of colloidal sols, I would like to add the following: I 
do not think that one can expect the zeta-potential to be im- 
portant in fiber-fiber flocculation because of the large size of 
the fibers in relation to the dimensions of the electrical double 
layer. As shown theoretically by Verwey and Overbeck, the 
diffuse double layers involved in the zeta-potential do not 
exert any influence on the interaction of two particles until 
the particles come very close together, let us say within 
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several hundred Angstroms. Now if you take two fibers, of 
diameter 30 mu, and have them in contact under the most 
favorable conditions, i.e., with their axes parallel to one 
another, and then calculate the fraction of the surface area of 
each fiber which is within 200 A of the other, you will find 
that it is only about 1% of the total. It is this fraction which 
is responsible for any interparticle attraction. Now it is 
very unlikely that two fibers can ever align themselves in the 
manner described, so that in practice the fractional areas 
involved will tend to be very much less. As the particle size 
is reduced, the fractional area increases until you reach a 
region of particle sizes where substantial fractions of the 
diffuse layers become interpenetrated, and it is in this region 
where the zeta-potential can play a significant role in inter- 
particle attraction or repulsion. 

This incidentally, may be the reason why the formation 
characteristics of sheets made from glass fibers of the order 
of 2 mu diameter appear te be responsive to changes in pH. 

W. Cuen (American Machine and Foundry Co.): If the 
flow in the tube is turbulent rather than laminar flow, would 
the cylindrical fiber still line up with the direction of flow? 

Mason: It can be demonstrated theoretically and con- 
firmed experimentally that, in a simple velocity gradient of 
the type described in the paper, there is a preferred orien- 
tation of particles in the direction of flow; this is most marked 
when the particles are viewed along the Z-axis and is, inciden- 
tally, the orientation which causes the phenomenon of stream- 
ing double refraction observed in solutions of threadlike 
particles. The effect of turbulence is to randomize the planes 
of shear and thereby to destroy any preferred orientation. 

J. D. Boapway (Consolidated Paper Corp.): I noticed 
that according to the appearance of your movies, fiber col- 
lisions lead to increase in angle \ such that a preferred orien- 
tation of fibers tends to exist with few fibers oriented parallel 
to the rotational axis. In view of certain debate on this point, 
I would ask for your comments. 

Mason: This matter has been briefly referred to in 
the written text of my paper, and is the subject of a forth- 
coming publication (8) dealing with theoretical and experi- 
mental aspects of the orientation of rigid cylinders in velocity 
gradients. At the present time all I would like to state is 
that: 

1. There is a preferred orientation of particles in the 
direction of flow. This does not mean, however, that all 
particles point in the direction of flow. Particles show 
Amax. Values varying from 0 to 7/2, but the probability density 
increases progressively from the lowest angle to the highest. 

2. Each collision causes the particle to undergo a dis- 
continuous change in the \max. (or orbital constant C) which 
it possessed before collision. The collision may cause \max. 
to increase or decrease (both are possible), but the nature 
of the steady-state distribution is such that an increase in 
\max. occurs more frequently than a decrease, 

In the films which you have witnessed several cases of an 
increase in Amax. by collision have been shown. Actually 
the reverse can also occur but much less frequently. 

It is important to remember that the orientations of an 
assembly of particles can reach a steady-state or “statistical 
equilibrium,’ but that each particle undergoes a series of 
changes as the result of collisions. This is what is meant by a 
“dynamic equilibrium” and is strictly analogous to the state 
of affairs in molecular equilibria. 

M. Lyne (E. B. Eddy Co.): What change in interaction 
was noted as the fibers used were taken from more highly 
beaten pulps? 

Mason: Due to the complexity of the phenomena ob- 
served with fibers, it has not yet been possible to examine 
the influence of beating. One may reasonably anticipate, 
however, that beating will increase the flexibility of the fibers 
and facilitate entanglement in the manner described. 

Ray Curtis (Scott Paper Co.): Mr. Van den Akker has 
shown that a fiber can be expected to follow the fluid in which 
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it is suspended almost perfectly. Does your theory of fiber 
motion due to velocity gradient agree with this or do you 
show actual fiber movement through the suspending fluid 
rather than with it? Since fiber collisions do occur, the fibers 
would seem to move through the water. 

Mason: Mr. Van den Akker was referring to the trans- 
lational motion of the particles and was demonstrating by a 
rather conclusive argument that in translation a particle 
(whether spherical or cylindrical) having the dimensions and 
density of a fiber “keeps in step” with the surrounding liquid 
even when the acceleration becomes very high. 

In the systems which I have described the same holds true 
as regards translation, but because of the presence of velocity 
gradients rotational movements are superimposed. 

I can see no conflict between Van den Akker’s statements 
and mine. 

Moperator Logan: I wonder if anyone in the audience or 
panel has a different idea, anything to add to that question? 

Reavis C. Sprout (Herty Foundation Laboratory): 
I don’t believe any mention has been made of the effect of 
polarity on the flocculation and deflocculation. Now, par~ 
ticularly in the field of glass fibers, there is a very critical part 
or point of polarity where you get flocculation or defloccula- 
tion; and it even goes over to the wet end of the paper 
machine. You obtain no strength at all if your polarity is 
wrong, but you get a sheet that you can handle through the 
driers when your polarity is correct. 

I am of the firm opinion that polarity has more to do with it 
than mechanical entanglement. Therefore, I am taking issue 
with the statement that it is primarily entanglement. How 
about polarity? 

VAN DEN AKKER: Could I raise a question as to whether 
John Swanson would have something to offer? 

JoHN Swanson (The Institute of Paper Chemistry): I 
would like to use the blackboard for just a moment to point, 
out several things which were done along this line by Erspamer. 
They have a bearing on this problem. 

One of them is this: If one places the fibers at consistencies 
of 0.01 to 0.03% in a sheet mold, and stirs them up, arrests 
the eddy currents as well as can be done, and then allows the 
fibers to continue flocculation up to the moment the sheet is 
actually formed, a straight line, or nearly so, is obtained 
when a plot is made of the formation number of the sheet as a 
function of the elapsed time. Now, the Thwing number up. 
here (indicating) might be 65 and the slope of the line will be 
something like you see here, out to as much as a hundred 
seconds of time in the sheet mold. 

If the fiber consistency is increased in a similar experiment, 
then the line will start out here at a lower Thwing formation 
value but, the slope will be greater. At higher fiber con- 
sistencies (0.05 to 0.1%) the pulp appears to flocculate very 
rapidly at first and then jells so that the fiber motion is ar- 
rested. 

Now, if a fiber deflocculating material such as 1% of locust 
bean gum is added to the pulp the curve is raised and the slope. 
is decreased. The only effect of the gum as far as we can 
tell is simply a slowing up of the rate of flocculation. That, 
of course, thus does not throw any light on the mechanism 
as such. 

Ifsmall amounts of aluminum sulphate are added and just 
traces are sufficient, the curve is lowered. N ow, if a series. 
of sheets is made with locust bean gum and a constant quan- 
tity of alum is added in every case, then the curve is also. 
lowered. However, the curve is never lowered to the curve 
of the original pulp. This illustrates that the gum does have 
some residual effect, even though we have added enough 
alum to cause quite a serious flocculation of the pulp. 

On the other hand, this holds only for locust bean gum, 
There are certain other fiber deflocculating agents which do 
not function at all in the presence of alum. In some cases, 
the mere trace of alum will make the flocculation worse than it 
would have been without any deflocculant. However, these- 
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_ materials are chemically different. They are polyuronides 
_ whereas the locust bean gum is a mannogalactan. 

___ I would also like to discuss some experiments performed by 
_ Erspamer a number of years ago which have to do with the 
zeta-potential and its possible suspended effect upon fiber 
flocculation, Fibers were suspended in water, in ethy] alcohol, 
in nitrobenzene, and in pure benzene. Determination of the 
so-called zeta-potential of cellulose fibers in these various 
media have been made but I don’t know how valid are 
| the results. However if we accept them as showing differ- 
| ence in fiber zeta-potential in these various media then the 
zeta-potential in benzene is zero, in alcohol (—40 my), it is 
greater than that in water (—20 mv), and in nitrobenzene it 

is greatest of all (—140 mv). 

__ We now come to the crux of this whole experiment. Ers- 
pamer found it was almost impossible to disperse the fibers in 
_ benzene, whereas they flocced more slowly in water and ethyl 
| alcohol, and hardly ever flocculated in nitrobenzene. If 
_ hydration or swelling has a bearing on the matter we would ex- 
_ pect the water to give us a better fiber distribution than the 
ethyl alcohol. However, Erspamer found flocculation of 
fibers to be slower in ethyl] alcohol than in water. 

Moperartor Logan: Mr. Bennett, would you like to ad- 
vance some questions or if not, I am sure that there will be 
some from the audience? 

W.T. Bennerr: There are quite a number of them here and 
T think that the first one should be easy for Mr. van der Meer 
. to answer. 

The first question is: ‘“‘What causes alignment of fibers in 
the machine?” 

Van DER Mezr: I think that you have, first of all, 
seen from the slides that it is not necessary that the fibers 
lay in a certain direction. However, on the other hand, it is 
» very difficult, especially with high-speed machines, to have 
equal speed of stock and wire. When these two are not equal 
you never can get what we call a square paper. Third, 
then you may get a random orientation of fibers and you will 
have an ideal square paper. I hope that this is enough. 

W.T. Bennett: I think that is enough because I think that 
ft the audience generally agrees with what you said and yet 
there is plenty of chance to disagree with you if they want to 
* and plenty of chance to argue with them all night. There- 
fore, it is now time, if it is agreeable with you all, to go on to 
the second question. 

I don’t think that I need to read the question but it has 
to do with the drag of friction on the front and back side 
of bond plates. 

The question came from Harry Buncke of the Oxford 
| Paper Co. 

_ (Mr. Van der Meer then answered the question by illus- 
_ trating the answer on the blackboard by the drawing of a 
diagram. ) 

W. T. Bennett: You know, sometimes a gentleman will 
, ask the question when he knows very well what the answer 
is before he asks the question. I would like to ask Mr. Buncke 
| if he had some other solution in mind when he asked his ques- 
_ tion. 

Buncxe: I would like to say that the holey roll I 
have in mind is the design that Mr. Van der Meer has de- 
, scribed in his diagram. The support is quite a way from the 
» end and I think that Mr. Mason said this morning that 0.5% 
stock generated a friction of a 0.5 lb. per sq. ft. drag if I 
remember correctly, at the contact surface. So it looks as 
though we have to introduce something to overcome that con- 
4 dition. What I had in mind is the possible suggestion of 
substituting hydraulic friction at the edge rather than contact 
i) with the side, by having a bleed-out at the side of the pond 

plate—hoping that in some way you could reduce the retarda- 
} tion of the velocity as it passes through the slice ends at 
} front and back pond plates. 
Van per Mzgr: What speed do you have? 
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Buncxr: The machine speed runs at 1250 f.p.m. The 
practice usually followed is to try to get the slice up a 
little bit more at each end so that you can Jet more stock 
through. 

Porter: I would like to make a point there. I know 
of two machines which have padded pressure boxes and, in 
answer to your question as to the best method, the operators’ 
experience was that it was easier to bleed from the side and 
avoid permanently deforming the lip at the outside edge be- 
cause they could not put too much adjustment into a very 
short space. You would have to have a space of 2 or 3 ft. 

W. T. Bennett: It has been stated that paper fiber sus- 
pensions exhibit greater dynamic viscosity than that of water. 
Is there any experimental evidence concerning the nature of 
this increased viscosity? For instance, does the viscosity of 
the suspension depend upon the distance from the wall of the 
vessel? Is it possible to obtain the usual velocity distribu- 
tion characteristic of steady laminar flow of a homogeneous 
fluid through a pipe? That is by Mr. Nicholl of the National 
Research Council. 

Mr. Brecht, would you like to comment on the question on 
the viscosity of the stock and whether it is possible for the 
stock to have a laminar flow? 

W. Brecur (Institut fiir Papierfabrikation, Darmstadt, 
Germany): I believe that Mr. Van der Meer refers to work 
we did years ago. At that time we found interesting things 
which we could not explain and we were quite excited. We 
found what you know from other work too, that with con- 
sistencies of about 0.5 to 0.8%, the loss of friction in the piping 
was less than at higher consistencies and especially was less 
than water without any stock. Incidentally, we only could 
explain it by assuming certain kinds of tubings. However, 
we did not continue with this work and therefore I do not 
think that I am able to go further. 

W. T. Bennerr: I think that you are referring to very 
much the same information that Mr. Van der Meer gave in his 
paper this morning. Possibly Mr. Nicholl would like to 
comment a bit further on that question and tell us what he 
has in mind. 

I. H. Nicuouu (National Research Council): I just wanted 
to ask whether in a suspension of these fibers which presum- 
ably contribute to momentum transfer, if the momentum 
transfer is similar to that in a homogeneous fluid? It would 
seem to me that if one has to design any hydrodynamic device 
such as a headbox one would want to know whether this in- 
creased viscosity is in fact isotropic in its action or whether 
there is an anisotropy because of the presence of the fibers, in 
the action of the viscosity? I was just wondering if any- 
body had checked whether this was the ordinary parabolic 
distribution? 

Van DER Mepr: I would say this—Mr. Nicholl has said 
something about it already, and in the same section where 
we were discussing this work of Mr. Brecht—there you can 
find some curves of velocity distribution. 

I have also made investigations on that, especially on the 
anisotropy, and we found at lower viscosities we had a sharp 
velocity gradient at the side; in the middle—a uniform 
velocity. 

NicHouu: That is laminar flow? 

Van pER Murr: No, plastic flow—the stock particles are 
not moving along each other. You could make a painting on 
it for it doesn’t change. 

W. T. Bennerr: Mr. van der Meer, you might mention 
that we use different terms. You are describing what we call 
a “frozen flow’; and what somebody else called, this morn- 
ing, a “plastic” flow. 

Van pmeR Munr: ‘Plastic flow” is the same. 

At higher velocity, the zone with velocity gradient at the 
sides, becomes broader, until we get a full parabola over the 
whole width. V. P. Mead has made investigations on ‘‘vis- 
cosity” and shear gradient and we can say according to these, 
we will have a lower “‘viscosity.”” On the other hand, we 
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cannot speak about viscosity, as this fluid has Bingham prop- 
erties. 

The question is, what do we mean by viscosity? I mean 
this—when you speak of a viscosity, that is nothing, for it 
depends on the diameter, on the length. When I take a cer- 
tain shear in a canal of a certain width, I can find any number 
that I may call a “viscosity”; but when I take a system, 
which is twice as big, or we will say three times as big, you 
will find a viscosity, or a number that you call a viscosity. 
So, where are we going? It is a Bingham fluid, and not an 
absolute. 

Van pen Axker: Mr. van der Meer, I would like to 
applaud your remarks. I don’t believe ‘viscosity coefficient”’ 
should be used. 

Van per Mupr: Yes. Itisnota certain fixed number. 

Van DEN AxkkerR: It is so far from being fixed there is 
no utility in employing it. 

I don’t know why old work has to be forgotten. Some of 
the oldtimers will remember the work of Sigurd Smith, away 
back, I suppose it was around 1920. He showed that it was 
much more useful to employ a frictional traction stress. 

What we are talking about here seems to be analogous to 
comparing something like Coulomb friction with classical 
lubricated: bearing theory, for example, and the two are just 
miles apart. 

Van DER Menr: Where you have, for instance, a glass 
vessel, and you can see what occurs, then when you speed 
un the flow, the stock begins to roll along the wall. It is run- 
ning on roller bearings. What, then, is viscosity? 

W.T. Bennerr: I think probably we of C.I.P. are the only 
ones that are actuaJly employing what we call ‘frozen flow” 
on commercial headboxes. Now, when you do that, you have 
a horizontal canal leading to the slice, in which there need be 
nothing, literally, except some stock, and perhaps some air 
above it. You reduce the turbulence in the flow to zero. 
If a machine, then, is say 23 ft. wide, as our Gatineau ma- 
chines are, and you look at that flow, it appears, as Mr. van 
der Meer says, that you can paint a picture on it in all but 
about a quarter of an inch shear zone adjacent to the fixed 
surfaces. As far as we are concerned, we squirt off that. 
Paper is not made at that shear zone and it is therefore of no 
consequence. All of the rest of the stock is traveling forward 
at the same velocity, and with no internal movement. 

Just one other comment, because it interested me so much, 
Mr. Van den Akker. You described the way the fibers gather 
together in flocs when the relative velocities are extremely low, 
and that is exactly what happens in our big machine headbox. 
Just at the time when the last of the turbulence is dying out— 
and it dies out due to an acceleration which we purposely 
apply, the stuff goes into floes. It is for that reason we have 
to use “defloccing rolls,” as we call them. And all we do 
is create a slight turbulence to reduce the floc size, and then 
we allow the stuif to become frozen before it reaches the slice. 

Another thing that interested me—and it is certainly 
related to the same subject—and Stan Mason ean correct me 
if Lam wrong—I wouldn’t know a zeta-potential if I saw one. 
We are delivering stocks with a commercial headbox with 
zero relative velocity between any of the fibers. If there were 
a few zeta-potentials around, shouldn’t they do something to 
that stock? The only thing that does act on it, when you get 
it into that condition, or at least that we ean see, is the air on 
the fibers—so, it has been our practice on all these machines 
to take the air out. 

Mason: I think that the basic principle that you de- 
scribed is very sound. What you are doing is removing ve- 
locity gradients from the system. You are thereby removing 
the means whereby fibers can collide with one another and 
become aggregated. 

W. T. Bennurr: Just before they die out, we get that me- 
chanical entanglement—just what you were talking about, as 
far as Lam concerned. 
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C. M. Connor (W. C. Hamilton and Sons): I would 
like to ask Mr. Bennett if he accomplished this frozen flow by 
the hydrodynamics of his design, or whether it is some trick 
that C.I.P. has other than that? 

W. T. Bennett: There is no ‘‘trick.”” The method is 
described in the Canadian patent which has been published. 
The only thing different about the method that we use to get 
the frozen flow from what all of you are using and what Mr, | 
Van der Meer has described, is that, having created a certain 
intensity of turbulence, we provide fixed surfaces for the 
kinetic energy of that turbulence to be worn out by friction 
on the surface, thereby dissipating the energy of the turbu- 
lence, and putting the stuff in a condition to freeze. We do 
that in the tube system which has been described. 

Now, that is the only point of difference that I can see in it. 
The introduction of sufficient fixed surfaces to wear out the 
kinetic energy that is left when you put a flow through an 
orifice, or a multiple series of orifices, and convert static 
head into the velocity head; and then when you put the stock 
into a large area, and the velocity drops, only part of the veloc- 
ity head is brought back into static head—the difference goes 
into this uncontrolled turbulence, which I think you were de- 
scribing this morning. 

Moprrator Locan: I wonder if there are any others who 
would care to comment on this subject? 

H. W. Bennerr: This is rather a hard one on which to | 
comment. I think that the fact that if you look at the stock 
and don’t see any large eddies, is possibly not a true indica- | 
tion that the flow is actually laminar or plastic. The large 
order eddies that you occasionally see coming out on the wire 
are not really turbulent flow in the classic definition. Tur- 
bulence as such is not at all well ordered; it is extremely ran- 
dom, and behind your rod roll, or “cage” roll that you speak 
of—it is of an extremely small scale. 

In other words, the relative motions are extremely small, 
and I doubt that you would be able to see them by looking | 
at the flow. 

It is a very interesting problem, and needs investigation; 
I just doubt that at that value of the velocity, and in that large 
a hydraulic structure that you do have laminar flow. 

W. T. Bennett: Have you ever seen one of these operat- 
ing? 

H. W. Bennett: No, I haven’t. 

Moperator Locan: I’m sure Wes Bennett would give 
you an invitation. 

H. W. Bennetr: You stated, I believe, that you get a very 
low value of turbulence by keeping the roll extremely open. 
In other words, you only have a few rods. I think that by 
modern turbulence theory that you would find that the inten- 
sity is pretty much a function of the size of the rod, and it is, 
well, as I said, it’s something that ought to be investigated 
thoroughly. 

W. T. Bennett: The defloccing roll that we use was in- 
vented by Robert Duncan. During the course of the testing 
and the relative work that he was doing on headboxes, if 
there was any combination of rods, sizes, percentages, of 
open area, that he didn’t try, I’d like to known what it is. 

Now we think that turbulence is reduced to zero before the 
deflocecing roll, and again soon after the defloccing roll, so 
that when the flow approaches the slice orifice, the turbulence 
is zero. 

Moperator Logan: Is there any further comment on this 
particular question? . 

Nissan: I am afraid I’m not very familiar with this 
problem, but is the stock flowing over a stationary surface, 
or a surface which is moving at the same speed as the stock? 
Because, if it is a stationary surface, the top may be frozen, 
but surely the bottom of it is the same design of that thing. 

W. T. Bunnerr: I don’t think I’m competent to answer _ 
that. As I told you, you can easily see what happens on the | 
side of the box. There is a thin shear zone about a quarter | 
of an inch thick. It is reasonable to assume that such a shear 
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zone would exist on the bottom. And when we were working 
on this thing I fully expected that we would have to peel that 
_ off, just like you would have to take the peeling off an orange 
and throw it away. But there is no evidence that it exists in 
the actual machine operation. 

Nissan: Could I ask how deep is the stock? 

W. T. Bennerr: It is normally on one machine, at a 
\ flow speed of 1200 ft., about 7 in. 

Perer EK. Wrist (Quebec North Shore Paper Co.): After 
_ having seen the box I can assure you the condition of frozen 
flow does exist, and that where you do get some relative mo- 
tion between sides, it is restricted to within about half an 
_ inch of any surface, and so you have along each surface of the 

box a half inch where there is relative motion. 

If there is a supporting disk in the defloccing roll, there is a 
' relative motion along that surface; but elsewhere there is no 
_ relative motion that you can see; if you can’t see it, then you 
' needn’t worry too much about it. 

C. A. Ler (Kimberly-Clark Corp.): I think there is a point 
here that W. T. Bennett made that should be emphasized. 
That is, that the stock entering their deflocculating roll 
» enters in a flocculated state, and that the roll, if I under- 
stand the operation of the inlet properly, does create turbu- 
» lence during the rotation of the roll, and thereby isotropic 
turbulent motion of the fluid. Deflocculation then results. 

I think the fact that the fibers or floes are subsequently 
' frozen; that is to say the turbulence resulting from this roll 
action decays before the slice, is somewhat academic in the 
whole consideration of the problem. 

J. E. Irvine (Abitibi Power & Paper Co., Ltd.): I am 
going to depart a little from the frozen flow box. I would like 
+ to ask Mr. Van der Meer a question concerning his Fig. 15A, 
that is the vertical slice, in which you stated that the vertical 
wall will give vortexes an opportunity to be generated. Do 
you speak from actua] experience or experiments concerning 
~ such a slice? 

Van DER Meer: We have a flue that is 2 ft. wide and 
2 ft. deep. In that flue we have made a vertical shield of 

Lucite so you can see this very well. 

Irvine: You actually can see the vorticing? 

_ Van ver Meer: Even when you couldn’t see it on the 
» surface with special lighting, the whirls were detected by 
» adding colored stock. 

Irvine: What velocities were you using? 

Van per Mesr: About 1 f.p.s. as a mean approach 
velocity. Near the wall it was, of course, less. 

W. T. Bennett: We are seeing the same thing. Lots of 
times we have seen the air as bubbles coming out at the slice 
lip, and in that case, the approach flow would all be the same, 
1 or 1'/, f.p.s. As it hits a vertical slice, it almost always 
makes eddy currents or vortexes, and if it happens to be an 
air-loaded box, some of the air loading will sneak down 
through the hole and go out the slice lip. 

Irvine: The pressure actually from the air compressor. 

Moperator Loaan: There will be a lot more discussion on 
this paper, I am sure, but I think it would be only fair to 
move on to Mr. Steenberg’s paper, and have a few comments 
and questions concerning that. 

Marpon: First of all, there are a number of small 
hydraulic points which I would like to question Mr. Steen- 
berg, concerning his model. One of the things that appeared 
is that he has neglected the effect of the velocity along bis 
box in computing his head. Although I suppose that is per- 
fectly reasonable, in fact, a small effect, I would like to hear 
from him concerning that. 

SrrenNBERG: In page 3 in my paper, it is stated how the 
*# making head was defined; and there you have all the terms 
} in the Bernoulli equation, together with other information. 
) The words “making head” used later on really comprise both 
iy terms. 
j Marpon: Another point is the question of the pro- 
4 portionality between the rates of flow. Is that accurately 
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given, in fact, by the ratio of the two areas? I’m not saying 
that it isn’t; but it occurs to me that presumably there is some 
verification of that, because just by comparing the two areas, 
one loses the effect of the frictional entry losses.and those of 
the siphon. 

STEENBERG: Yes, this is something that had to be intro- 
duced in order to make experiments. In a paper machine 
you have free outlet for the water on the inside of the wire; 
but if we had that, we would get such a tremendously rapid 
sheet formation, which is, of course, what you want to have 
in practice, but we couldn’t possibly get any readings. 

There was only one way, and that was to restrict the outlet; 
and of course, an essential part of a setup of this type is to 
exaggerate all possible effects to evaluate them. And that is 
something you will find right through the paper. You cannot 
expect the effects mentioned to have the magnitude they have 
in these experiments, because the experiments are specifically 
designed to exaggerate all differences or all effects that pos- 
sibly could be found. 

Marpon: I hope to, in passing, point out that I am 
merely putting these things up because I thought they were 
points that could be amplified. It is not necessarily that I 
believe them myself, but I wanted to get Mr. Steenberg’s 
explanation into the record. 

STEENBERG: Thank you. It should have been stated 
here, I actually think it is not so bad for those who have read 
the paper as it is for those who heard my talk on it, because in 
the paper it is specifically said that it is tempting to draw 
practical conclusions, but that these should be, as much as 
possible, avoided. I didn’t avoid them in my talk. 

Marpon: The next point is the strict justification for 
assuming that the rate of flow across the probe is the same as 
the average. Isuppose that Mr. Steenberg has in effect made 
measurements across his box? 

SreenBERG: Of course this is, again, very difficult to 
make, because you can never have your wire in perfect align- 
ment with the surface of your box. 

Marpon: One other point that occurs to me is—it might 
be that the effect of turbulence, which is much greater 
in the counterflow vat, gives you a different distribution of 
stock; and the anisotropy of the counterflow vat is, I believe, 
much worse than the uniflow. 

STEENBERG: I like to distinguish between strength 
orientation and fiber orientation. I think that there is no 
doubt that they are partly independent properties. The 
fiber orientation given here is based on the requirements of the 
orientation of dyed long fibers. 

The average orientation of all fibers of different lengths 
may not be the same as the orientation of the long fibers 
which are the only ones we can measure. 

Marpon: This is a question from Edgar Carpenter 
of the Weston Paper Manufacturing Co., who has asked 
Mr. Steenberg a question on the effect of a Minsky attach- 
ment or Foley vat on a counterflow cylinder. 

Sreenperc: If that arrangement isn’t known to you 
then I want to show you how it works. It is a counterflow 
system. It takes out the stock from here (indicating) 
and reintroduces it up here (indicating). 

I think that all of the criticism that I gave on the other types 
of mixings must apply also to this because here again you are 
drawing a stock of one composition and mixing it with stock of 
another composition. It seems that the criticism of mixing 
in this device, as well as the others, is justified. Stocks of 
different composition are difficult to mix. If the mixing is 
perfect, it will work. I doubt whether you can do it. 

CarPENTER: I happen to be the one who submitted 
that question. One reason that we submitted it is that we 
used the Minsky attachment and we found that we can get a 
much better formation with the attachment than without it. 
It is something that I hate to place a definite value on but it 
is on the order of a 15% improvement as a reduction of thick 
and thin spots and so forth. 


One reason that I wanted to ask that question was in 
view of your statement that we should not get that im- 
provement. However, we did get it. 

SreENBERG: Then in all probability you are the first 
man that I have heard who has been happy with this arrange- 
ment. 

Secondly, it is really a question of how well you mix the 
stock that comes in here (indicating). It is a question of 
how will you mix and, of course the proportion of this flow 
(indicating) in relation to this flow (indicating). You might 
be able to change it. 

Marpon: There are two more questions on the matter 
of fiber alignment and I think that perhaps Mr. Steenberg 
could answer them at the same time. 

Srrensppre: I think that the cylinder machine is an 
ideal machine to produce fiber alignment: first, because you 
have a combing wash-off effect in your vat, and secondly, 
you put it on a felt and stretch it so that you get an additional 
effect. 

It is well known in Sweden, where a large quantity of 
twisting paper is being used and made, that it is impossible 
to niake twisting paper with a completely closed felt system. 

To obtain sufficient machine direction in the sheet you 
tilt the wire—which is a standard practice on slow machines. 
You will, however, not be able to get the required machine 
direction by this method alone. If you have an open draw, 
preferably in the first press part, you can get the required 
machine direction strength. 

ALLEN A. Lowr (The Sandy Hill Iron & Brass Works): 
I would like to have Mr. Van den Akker reconcile the feeling 
that the fiber doesn’t align in the flow and the necessity of 
doing something about the alignment of the fiber in the flow 
or making a grainy sheet. 

Van DEN AKkeR: Mr. Lowe, are you speaking of the fiber 
alignment in the paper web? 

Lowe: Yes. 

Van DEN AkkeER: The comment that I made had to do 
with the lack of fiber alignment in the flow of a slurry in a 
channel or a duct. 

Now, there is an aligning effect in zones of acceleration. In 
a zone of acceleration (as in the slice) there is a partial aligning 
effect which probably has some relation with the partial fiber 
alignment in the paper web. The comment made in the 
first paragraph of my paper related to the absence of fiber 
alignment in a slurry during uniform flow. 

Raymond A. Hinu (Congoleum-Nairn, Inc.): I would 
like to ask Mr. Steenberg a question. He has spoken several 
times of wash-off effect which most of us have seen on cylinder 
machines but I don’t believe that he got to the point of stating 
just exactly where it occurs or what you do about it. 


I have often thought that a good deal of it occurred where 
the cylinder turns out of the vat but I haven’t been able to 
prove it. 

SreenserG: Well, you actually have two types of 
wash-off and I only speak of the one that happens when the 
wire is really submerged. The wash-off effect that I am 
speaking of is the one which is proceeding practically all the 
way along the wire. 

However, you also have a secondary effect of the same 
type, which is when you start to pull it out from the water and 
carry it up. That is where it goes up and part of it slips 
back. Now, I do not call that “wash-off,” I call it “ship-off.”’ 


That effect is sometimes even more worrying than the wash- 
off effect. 


Now, on the slip-off effect, you can improve that by a fairly 
moderate vacuum. Probably at home you are using an 
ordinary fan. 


I think that the main reason for having large diameter vats 
is because of this critical angle here (indicating). You have 
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the problem of taking the sheet, which is extremely wet out of | 
the stock and carrying it up into the air and over into the } 
horizontal position without having the slip-off effect, and that 
is where the large diameter helps you and that is, of course, | 
where the small vacuum inside helps you somewhat. 

Is that a good answer to your question ; would you want to | 
have more or what is the question that you asked? | 

Hitt: That is part of the answer to my question. } 
I don’t think that to continue this discussion here would be of 
any further interest to this group. We do use the largest 
diameter of cylinders that I have seen and we have used 
vacuums from a tenth of an inch of water up to 7 in. of mer- 
eury and we still have it slip off. 


The following written comments by E. R. Finger and Z. J. 
Majewski, on the paper, Australian Paper Manufactures, Ltd., 
presented by Mr. Steenberg, may be of interest to the readers. 
Unfortunately, time did not permit their consideration. 

1. In the model the stock moving under a stationary wire 
gives a “rolling over” effect to the fibers being deposited. 

In uniflow vats the stock velocity is usually less than the 
wire velocity so that the sheet is formed under a positive drag. 

The “rolling over’ nature of the deposition of fibers in the 
model simulates to some extent conditions in a contraflow vat, 
with the difference that the relative velocities studied are 
much lower than those experienced in practice. The maxi- 
mum. velocity investigated was 100 f.p.m. whereas in the } 
contraflow vat this may be as much as twice machine speed. | 
This would explain why the strength orientation and other 
properties obtained in the model were so different to sheets 
formed in contraflow vats. 

2. Could you please expand on your opinion that the pos- 
sibility of varying the making head during the sheet formation 
process is important on commercial machines? 

It appears to us that there is a big difference in the making 
heads used in these experiments and those used in commercial 
machines. In the model the actual rate of flow through the 
wire at the beginning of formation would be produced by a 
head across the wire equal to the head h applied to the siphon 
divided by the square of 78, which is the ratio of the areas of 
probe wire and siphon tube bore. The maximum head em- 
ployed was 200 mm. giving a head across the wire of 200 
divided by 6084, which equals 0.033 mm. or approximately 
1/1000. 

3. The relationship between density and basis weight, as 
shown in Fig. 13 is rather surprising, as one might expect 
that, rather than rapidly increasing with basis weight, the | 
rate of increase of density would rapidly decrease with basis | 
weight. After an initial layer of fibers is deposited, more | 
fines would be retained in the sheet, but the rate of drainage 
would rapidly decrease, so that the fibers would become less 
densely packed. Then the higher the basis weight the lower 
would be the average density. Even if a selective deposition 
of shorter fibers takes place one would expect some leveling out 
of the curve. Close examination of the results tabulated, but 
not plotted in the graph, would appear to support this idea. 


4. The authors have demonstrated in an excellent manner 
the washing off of fibers which follows the initial stage of 
formation and that this is a selective process. However, with 
regard to a commercial machine a very interesting question 
arises, what happens to the long fibered stock rejected from 
the sheet after the initial stage of formation? A vat working 
in a state of equilibrium must produce a sheet with the aver- 
age fiber length of the stock supplied. The mechanism is 
particularly interesting in uniflow vats, where the forming 
sheet contacts stock of steadily increasing concentration, 
because the continuing drainage is not accompanied by fur- > 
ther fiber deposition. 


It appears that the stock concentration will always be higher — 
at the surface of the formed sheet than the measurable aver- 
age stock concentration. At the point of separation of the | 
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AFig. 1. Comparison of pressure profiles—Voith and Van 
)de Carr slices (for clarity a Voith Slice of narrower opening 
} has been shown) 
i 
‘overflow stock and the sheet the stock concentration reaches a 
#naximum. Considering also that the stock velocity is 
s;angential to the mold surface, and that the slope of the mold 
‘surface is such that the sheet tends to lie on it, conditions are 
tvery favorable for raising a portion of the highly concen- 
‘rated stock with the emerging sheet. 
i, We have observed on a uniflow vat, that the sheet is formed 
#n two distinct layers which can be relatively easily separated 
iwhile still in the wet state. 
i} Similar observations have been mentioned by Duncan 8. 
“3rown in April Tappi, 1954. It appears that a higher pro- 
joortion of short fibers facilitates the separation, but we do 
not doubt that the mechanism of formation is independent of 
‘he raw material used. 
J As one might suspect the formation of the second layer is 
very poor. Local disturbances in the flow round the vat 
lrircle give a varying degree of mixing between the main stock 
»tream and that close to the sheet surface, and because of 
aigh concentration the stock becomes flocculated. The re- 
jult is a floccy sheet with uneven substance. We would 
xpect from the author’s work that the second layer would 
jiave a higher than average long fiber content. 
+ In the contraflow vat the wire side of the sheet is probably 
ormed from the long fibered stock rejected by the formed 
heet a moment before. The top would then be comprised 
jnainly of short fibers. 
? No second distinctive layer would be lifted because at the 
doint of separation the stock consistency is a minimum. 
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Mopsrator Logan: I am now throwing this meeting open 
to anyone who wants to ask any pertinent questions on these 
papers or who wants to make any comments thereon. 


W. T. Bennerr: I would like to suggest, if possible, that 
there be a little time for Mr. Marden to show his slides on the 
pressure velocity gradients in jets. I believe that it would be 
of considerable interest to the group. 


Cuapman: I have two questions here on fiber align- 
ment and they are very similar. One is from R. N. Gries- 
heimer of The Mead Corp. and is as follows: ‘Dilute sus- 
pensions of bentonite sols, in stream flow, show birefringence, 
primarily because of an alignment phenomenon. How is 
this observation to be compromised with the statement that 
fiber distribution is isotropic in a streaming fiber suspension? 
That is, if tiny bentonite particles will, why won’t fibers?” 

Van DEN AxkerR: I don’t think that a compromise is 
necessary. Now, although a sphere rotates with uniform 
angular velocity equal to one half the velocity gradient, as 
pointed out by Mr. Mason, a linear object rotates with highly 
variable speed. It rotates with a maximum speed when it is 
perpendicular to the lines of flow and with zero speed (for 
zero time) when it is parallel to the lines of flow. The time 
that the linear particle spends with orientation nearly parallel 
to the lines of flow is much greater than when it is nearly 
perpendicular to the lines of flow, so that the statistical aver- 
age places the particle more often nearly parallel to the screen 
than at right angles to it. In the flow of a fiber slurry such 
“statistical alignment’’ is absent because of agglomeration 
and smallness of velocity gradient. I hope that I have made 
that clear. 
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and without deaeration of water 


Moprrator Locan: It is obvious that we will not be able 
to answer all of the questions that have been submitted. 
However, there is provision for answer by the authors in the 
recorded script and any unanswered questions will be passed 
on to the authors for reply in writing if they so desire. 

Possibly I should follow up on Mr. Bennett’s suggestion 
that there are some slides and comments that Mr. Mardon 
would like to make. 

Marpon: Mr. van der Meer’s Fig. 4 shows the pres- 
sure distribution across the slice jet. Figure 1 shows similar 
material obtained by G. Gavelin and myself. For this, im- 
pact tubes were used in the slice jet, with opening of 3 by 
1 mm. and traversable on a screw thread through the thick- 
ness of the jet. Typical profites for Voith-type and Van der 
Carr-type lips are shown. Figure 2 shows a part of a family 
of curves for an average to poor machine. The wide varia- 
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tions on lip openings are compensations by the papermaker 
for conditions in the body of the box prior to the slice. Ona 
really good machine these curves should all be the same shape} 
and should show approximately the same opening. 

Figure 3 shows a different type of plot. The vertical axis} 
is a log plot of distance from the slice lip. The horizontal} 
plot is speed of the jet. The left-hand side of Figs. 3 and 4 has} 
the data for the bottom of the jet, the right-hand side for} 
the top of the jet. | 

When the jet contains water (i.e., no fiber) without de 
aeration a break in the curve is obtained; this break repre-} 
sents, we believe, a transition in the flow characteristics.} 
When the water has been deaerated using the Deculator, this 
break can no longer be detected; it is presumably still there 
but cannot be found by the apparatus, since it is too near the} 
slice lip. 

Figure 4 shows a similar plot for headbox running normally 
with water, and with fiber at 0.57%. It can be observed 
that the break point on the curve is pushed nearer the wall! 
by the pressure of the fibers, suggesting that this boundary is 
more disturbed. : 

The above were made using the differential manometer to: 
measure the pressure. 

Figures 5, 6, and 7 show the types of plot obtained using 
pressure transducers on the Pitot tubes. These are attached} 
to amplifiers and recorders capable of recording 100 cycles pert 
sec. The finer, more jagged plot is that from the more sensi 
tive gage we used, which was backed off with air pressure to} 
take the full load. The time axis is either one large square} 
equals 1 sec. or one large square equals 0.1 sec. The vertical} 
axis is approximately six small squares equal to 5 in. for thes 
low sensitive gage. 

Figure 5 shows a plot with the tube in the center of the jet, 
the box containing only water but at the operating level. The) 
chart is at higher speed. Figure 6 shows a plot for the box 
operating at high level with fiber. Figure 7 shows the plot} 
when the level was lowered and stock was not passing ove! 
the single baffle—the increase in stability is evident. 

The above additional experimental work has been shown as 
amplification of Mr. Van der Meer’s paper. The plots wit! 
the strain gage Pitot tube arrangement are shown in amplifi f 
cation of the suggestion in Mr. Van den Akker’s paper} 
These results will be presented in detail and discussed at ©} 
later date. | 

We gratefully acknowledge the help of G. Rickwood of the 
National Research Council in the construction and initia! use 
of the strain gage amplifier. 


Fig. 5. High level with fiber 
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Fig. 6. No fiber, high level 


Wrist: My question is in connection with turbulence. 
When you are measuring turbulence in air, we all know there 
are proved instruments available, but when you come to liq- 
uids, so far the application of the hot wire anemometer has 
not much success. 

The only case of one being used that I heard of, which is 
approaching the turbulence range, is one developed by the 
‘British Hydraulic Research Association, and they tell me, 
disappointingly, that the response to that is 2 sec. You 
can’t measure turbulence with response of 2 seconds. 

The suggestion is made about the use of Pitot tubes, and 
Mr. Mardon tried using them with pressure transducers. 

The transducers have ample frequency response. You 
can get frequency response up to 3000 cycles a sec. The diffi- 
culty is attaching a Pitot tube onto them. If you use a small 
Pitot tube, then the viscous forces in the tube reduce sensi- 
tivity down to a few cycles per second. 

If you use a large diameter Pitot tube, you reduce the effect 
of viscous damping but you can’t make a small scale tur- 
bulence. 

This problem is still to be solved, and I think in studying 
the work which Mr. Mardon has shown us, that you have to 


Fig. 7. Lew level with stock 


November 1954 Vol. 37, No. 11 


bear in mind that some of the frequencies which you see may 
be functions of the Pitot tube itself, and not of the turbulence 
jet. 

Perhaps Mr. Van den Akker has some additional informa- 
tion which I have not been able to get in connection with 
measuring turbulence in water or any other liquid. 

Marpon: First of all, about the hot wire anemometer. 
Hubbard has a dissertation on this; and we have Mr. Laursen 
of the Iowa Institute of Hydraulic Research in the audience, 
who can give us a treatise on his response on the hot wire 
anemometers. 

Secondly, you will notice when discussing the results I put 
up I very carefully abstained from indicating that they were 
in fact measuring the differentiation between the turbulent 
diameter regions, and particularly when you have to use a 
Pitot tube orifice much bigger than we like. Our orifice, 
for the record, is actually 3 ml. in the width direction of the 
paper machine and a millimeter thick. And even an orifice 
like that, when you are using it with fibers, clogs up very 
easily. And for our fiber agglomerates we have a somewhat 
larger force. 

Emmett M. Laursen (Iowa Institute of Hydraulic Re- 
search): This last question of the hot wire anemometer— 
many places have been working on the problem of measur- 
ing turbulence in water for quite a while—M.I.T., Iowa, 
D.T.M.B., and there are a few others. 

M.I.T. has an instrument that they, as I recall, will meas- 
ure fluctuations in the longitudinal direction only. Iowa, 
under Hubbard, developed a somewhat similar instrument. 
And now Hubbard thinks he has pretty well licked most of the 
“bugs” in the hot wire anemometer for use in water. 

One of the biggest problems was dirt and gas bubbles 
forming on the wire that weren’t washed off. By inclining 
the wire at 45° and using larger wires, low heat, and some- 
what different electronic gear he has developed a relatively 
stable, sensitiveinstrument to theresponse. A desired sensitiv- 
ity can be designed into the instrument, that is well over 400 
cycles per sec. Furthermore by using two wires you can 
measure double correlations; or, with more wires, triple and 
quadruple correlations. 

I think the furthest advance that has been made in hot 
wire anemometry in water is this latest work of Hubbard. 

In addition, Hubbard has worked on the electronic ar- 
rangement, and using a constant temperature system has re- 
duced the size of all those boxes that used to be up on the 
wall to a piece about this size (indicating approximately 
3 by 2 ft.); and with that you can get a root-mean-square, a 
differentiating circuit for scale, and correlations directly. 

While I am on my feet I would like to make a few other 
comments. ' 

First, I should make it clear Iam not a papermaker. I am 
just an observer from a hydraulic laboratory. But so many 
of your hydraulic problems are strikingly similar to hy- 
draulic problems in other areas. 

For instance, the point that has been brought up in connec- 
tion with Mr. Van den Akker’s paper, the friction of stock 
being less, or the loss being less with a concentration of stock, 
is very similar to one we have with suspended sediment 
where we have suspensions of clay or silica (silt and fine 
sand) of size, up to from less than one, up to 5 and 10% by 
weight. 

Some claims have been made that the resistance is less 
with a suspended load. However, I believe that in all such 
cases the surface conditions have not been considered. There 
has not been a measurement of the surface condition and when 
you look at the experimental setup considered, it appears 
possible that the surface changes from rough to smooth. 

Your paper stock fine particles filling up roughness pro- 
tuberances may account for some of this apparent change in 
frictional resistance that is ascribed to an apparent change in 
viscosity. 

Another condition we have noted in ovr suspended sedi- 
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ment work—we get definite changes in concentration that 
are fairly large scale—the same effect you can see in the river 
in flood time. Actually, our problem was the question of 
how big a sample we needed to get a good statistical average. 

I know that in the field measurements by the U. S. Geologi- 
cal Survey with their sediments, they always take two sam- 
ples, and sometimes one taken right after another one can be 
10 times as large. 

Perhaps this variation could occur in paper stocks to a less 
degree, but even then might be important in your problem. 

And then there are al] the cases of flow expansion. At Iowa 
we had an extensive series of tests of fire monitors and 
nozzles, in which the old style nozzle or monitor was a rather 
ram’s horn device that comes up like this (demonstrating), so 
it can swivel down here and swivel up here to direct a large 
fire stream, 11/, or even 3 in. in diameter. 

We cut down the large scale turbulence in the monitor 
by having miter bends, and small vanes in the bends. This 
improved the fire stream, the carry, and the concentration a 
great deal. 

The old-fashioned nozzles were made with a conical 
section followed by a short tangent, so it would be like this 
(demonstrating). At those sharp breaks there was separa- 
tion and turbulence. After studying a series of nozzles, 
the best orie was a curve tangent at the barrel and contracting 
to an opening larger than the first jet diameter leaving the 
rest of the jet to form by itself. Again it increased the carry 
and concentration of the jet. 

This is a problem in many respects similar to yours. 

Another case was a power canal where the flow was de- 
celerated from an open cut in rock of small section to an earth 
canal of large section. A short transition was desired, and 
there was a problem of scour downstream. 

Reverse curve vanes with an angle of flow of 7° between 
the two vanes solved that problem. 

Incidentally, Mr. van der Meer’s figure of 12° for the flare 
angle rather surprised me. In most of our work, and I 
think most of the work most people have done, 7° is consid- 
ered about the correct one. However, the angle depends on 
the area ratio, on the Reynolds number, and the turbulence. 

But it is really surprising, how some of the many things 
shown here today, some very specific, some more general 
—have such definite similarity to the problems in all other 
fields of hydraulics. 

Moprrator Logan: Thank you very much, Mr. Laursen. 
It was most kind of you to come and join our deliberations 
today, and we certainly appreciate your remarks. 

The meeting recessed at 5:30 0’clock. 


WEDNESDAY, SEPT. 22, 1954 


The second panel discussion and question period convened 
at 3 p.m., W. Boyd Campbell presiding. 

MOopERATOR CAMPBELL: On this side (indicating his left), 
we have the five people who have presented papers with 
various kinds of new ideas today. On this side (indicating 
his right), we have the Devil’s Advocates, who will try to 
present the case for conservatism, or possibly they may 
be converted and they will be only damning with faint praise. 

In case you don’t know who they are I will name them from 
right to left. These fellows you know, of course (indicating 
those who presented their papers). First is Peter Wrist, 
Quebec North Shore; C. A. Lee, of Kimberly-Clark; Charles 
Sankey of Ontario Paper; W. J. Foote, of Consolidated 
Water Power and Paper; and P. S. Blickensderfer, of 
Champion Paper & Fibre Co. 

There have been a few questions, but first, before we take 
up the questions I am going to ask Mr. Wrist to make his 
comments on the paper by Mr. Whitney. 

Wrist: I think that I should start out by compli- 
menting the two authors of the paper for the very fine way 
in which they set out the experimental work and more particu- 
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larly for the way in which they have pointed out the limita- 
tions of the experimental techniques and of the theoretical 
side. 

I think that in the discussion we should try to find out how 
this idea of an average specific resistance is going to be useful 
in papermaking. 

There has been quite a lot of scorn poured on the freeness 
test. These tests serve some purpose but there are some 
severe limitations, and I think that this is one of the first 
attempts to place a test for evaluating pulp on a scientific 
basis. 

There are two very attractive scientific concepts involved 
in the idea of specific resistance—that of specific surface and 
specific volume of pulp. 

If we can put pulp evaluation on the terms of some concept 
like that, I think we probably bave gone a long way to provid- 
ing some ideas for machine design. 

Now, before we go too far along the way, I think we have 
always to bear in mind that the evaluation of these two con- 
cepts of surface and volume from experimental data depends 
on the use of the Kozeny-Carman equation. In the other 
fields of filtration, this equation is falling into some dis- 
repute, and there were recently two attempts to introduce new 
ideas into filtration theory. 

One very recently has introduced an idea of dispersivity. 
This is another concept that we have to take into account be- 
sides porosity and permeability. 

Very roughly, the idea is that if you have a filter pad and 
have some liquid going through it and you put in a small 
drop of ink at the top surface, then that drop of ink won’t 
come out the same size on the underneath. It will be diffused 
going through the pad and that has got to be taken into ac- 
count in the mathematical expressions. 

The theory is not fully developed yet but at least the basic 
equations are a little more complicated than the Kozeny- 
Carman equation. 

The authors have born in mind throughout their work the 
possible limitation of the Kozeny-Carman equation and I 
think that provided those limitations are always borne in mind 
for practical papermaking that there is something to be gained 
from the idea of average specific resistance on the more prac~ 
tical side of papermaking. 

Now, on the more practical side, how do we use this average 
specific resistance on the paper machine and also, does the 
average specific resistance that we calculate in the laboratory 
agree with the resistance on the wire? 

The bridge between the laboratory and the machine is 
coming from the two ends. At the Institute here they are 
doing it from the laboratory and others are approaching it, 
from the machine. As yet the bridge is not complete. 

I think that in the discussion we can point out some of the 
remaining facts which have to be cleared up between those 
two approaches and if we can do that, then that will be very 
useful. 

Mr. Bennett was unable to give in his paper the full de- 
tails of the approach from the machine point of view, of the 
average specific resistance but some figures which have been 
obtained both at Kenley and by the Wiggins-Teape organiza- 
tion do show at least, that the orders of magnitude of resist- 
ance calculated from machine draining and that from the 
pulp in the laboratory are very close. 

Perhaps then, in the discussion, we can try and bridge over 
the gap between the two aspects. 

One of the things which we have to consider is the possible 
effect of the fines in the sheet, and the authors in discussing 
this paper with me mentioned that they had taken some 
stock from the headbox and made a specific resistance on it. 
and that then they had taken paper from the couch, disinte- . 
grated it and then made a determination on that. They 
found there is a difference between the two. 

Obviously then, in a laboratory test which will evaluate the 
way the pulp will behave on a machine, we have to take the. 
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ifines into consideration. Perhaps it will vary from machine 
‘to machine. Do we require then some test which we can 
apply to evaluate the pulp per se and then another test or 
some variation of the first test which we can then use to say 
»how the particular pulp will behave on a particular machine? 
With those few remarks I think that I will put the discussion 
‘to the house. 

MoperatTor CamppeLtt: Has anyone any comments to 
» make from the floor on this point? 

_ J. DA. CuarK: I would like to say that I enjoyed the 
| paper very much today. However, there are one or two 
‘points that I would like to bring up which might be of some 
) interest. 

All kidding aside, the fact that it has now been found that 
the Schopper-Riegler freeness tester doesn’t correlate with 
specific surface in accordance with the Kozeny-Carman 
j equation, gives me much satisfaction because I understood 
that was the last reason as to why the Schopper-Riegler 
( apparatus might have some value. 

This apparent specific surface as determined by the Kozeny- 
» Carman equation has an objection that if you plot it against 
beating time, you get an inverse curve. We know that as 
far as strength development is concerned that with wetting 
) the curve rises rapidly and then comes around this way (indi- 
) cating); whereas, unless you have obtained the reversal of 
) Mr. Mason’s result, the specific surface goes this way, the 
other way, and that it correlates with the freeness. 
' I don’t think that it is a very apparent specific surface to 
‘which you are referring. For that reason I will admit the 
/ invalidity of the silvering method but I think also, because of 
» the shape of that curve, that the specific surface, as measured 
» by the Kozeny-Carman equation, is highly suspect. 
The one difficulty I see with respect to trying to measure 
sand correlate laboratory measurements of stock on the 
paper machine is the fact that Underhay brought out, and 
J others hinted at today, the washing effect of the table rolls. 


| 
| 


lot of extra fines; and as it goes down the wire the tube rolls 
9 are throwing water at high speed into the stock and washing 
jjout the fines. That is a very fine piece of work that Under- 
hay did; showing the washing effect is rather thorough. 


i that maybe one of the factors that would correlate best with 
the drainage rate on the wire would be the apparent density 


As we heard today, the freeness test is nothing but a meas- 
Fure of fines, of debris, and they are of very little importance. 
Vl tell you why they are of very little import—because when 
4they are circulated in the machine headbox and have been 
#drained through the wire, you have pinholes formed, and those 
/ fines go through the pinholes and come around again. It is not 
+ true, as the assumption has been implicitly made, that because 
you get the same amount of fines out as you put in, plus a 
‘little loss in the white water, it is valid to measure the quality 
) of the stock with the fines. 

I say—no; that’s nonsense, because we know that in ac- 
feordance with measurements on the permeability of the wet 
‘sheet, that if the fines really were effective it would be most 
‘impermeable. 

We must assume—and I think it is true, as all of you folk 
know who make fine paper—that you get pinholes formed on 
ithe machine, and those pinholes permit the fines to pour 
*through. What are we left with? 

| I suggest, and I can see from, for example, that last paper, 
4where there was a graph plotting sheet dryness against beat- 
jing time, that there was a straight-line relationship. And I 
{noticed you had a logarithmic relationship of beating time. 
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I have said in the past, and the Australians have confirmed 
this very accurately, that if you plot the logarithm of the 
beating time, or the logarithm of the input against the sheet 
density as determined by the TAPPI or British Standard 
method, you get a perfectly straight line, not a curved line— 
but a perfectly straight line, up to a value of at least over one. 
And furthermore, it would appear that line is a parallel line for 
all different kinds of pulps, more or less. That is a very valu- 
able find, gentlemen, because the slope of that line appears on 
the beater rather than on the pulp itself. 

I don’t know quite why that is, but we will talk about that 
another day. 

This is the point I want to make: unbeaten straw pulp has a 
density of around 0.7; groundwood pulp has a density of 
about 4.5; a sulphite pulp, about 5.5. If you beat the sul- 
phite pulp up to 0.7, I know from previous experience that 
you will find that beaten sulphite pulp will be very similar to 
the unbeaten pulp. 


And I believe each one of your paper machines has a certain 
range of density that it can handle, depending on whether it is 
built to handle glassine or newsprint. And no matter what 
the pulp is, if you blend it or beat it, so that its final density, 
sheet density, as determined by the British Standard method, 
it will work properly on the wire, if it is such. 

Moperator CaMpBELL: I think probably Mr. Whitney 
would like to say a few words. 

Roy P. Wurrney (Institute of Paper Chemistry, Appleton, 
Wis.): First of all, I would like to thank Mr. Wrist for his 
remarks which are gratifying and certainly indicate that he 
has done some work on this paper. He very adroitly pointed 
out some of the difficulties involved in this work, particularly 
with respect to the Kozeny-Carman equation, or any other 
equation which one might choose, in that obviously there are 
deficiencies in the theories. 

Those of you who are familiar with the development of the 
Kozeny-Carman equation will know that the assumed physi- 
cal basis on which it is developed is too simplified. But our 
position—and [I am sure Mr. Wrist understands this—is that 
it seems to be the best relationship which is presently avail- 
able for trying to break down the rather gross concept of the 
filtration resistance into something which may not be funda- 
mental, but at least is not quite so gross and empirical as the 
filtration resistance. So, we have used it, for want of some- 
thing better, as I tried to indicate in my presentation this 
morning. We have tried to check the equation independently 
where possible, and unfortunately that is difficult to do. 

One of the obvious points of vulnerability of the equation 
is in the so-called Kozeny constant which I rather arbitrarily 
brushed off by saying we used the value of 5.55, which was 
determined by others for fibrous materials, and may or may 
not be a good value. The fact that we were able to check the 
specific surfaces of the unbeaten pulps was comforting in that 
it indicated the value was not too far wrong. 

There has been much more indication in our work that the 
specific surfaces were more valid, shall I say, than in the case 
of the effective specific volumes. Now, this is a rather pe- 
culiar figure, the specific volume, in that it doesn’t correlate 
with the reciprocal of the density of cellulose, either under 
wet or dry conditions, and I think is actually better called the 
hydrodynamic specific volume—that is, the volume which is 
denied to flow by the presence of the fibers and may in fact 
include water, which is just mechanically held but which 
does deny flow. 

Our work on moisture content of fibrous pads during filtra- 
tion, in which I indicated that we have been able to check 
experimenta] and calculated values, is just about the first 
positive thing that we have found to indicate that perhaps 
this value, too, (the effective specific volume) is a reasonable 
value. 

We frankly do not say this is complete; we have only 
scratched the surface of trying to understand the significance 
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of the effective specific volume. Mr. Mason has done much 
more than we have, as a matter of fact, in trying to elucidate 
the meaning of this particular term. 

With respect to Mr. Clark’s comments, I might say, Mr. 
Clark, I think you are perhaps a little impatient. This has 
been a long road, and there is a great deal more to be done. 
I would agree with you that the specific surface which we 
measure may not be the specific surface which is effective in 
determining the strength of the sheet. Obviously, any 
technique based on permeability or filtration can measure only 
the specific surface which is effective in that particular situa- 
tion. I think that is true of the silvering technique; and it 
may or may not be that the situation is the same in the silver- 
ing technique and in the filtration work. 

There are too—and you are just as well aware of this as I 
am—other factors which affect the strength of the sheet, as 
well as specific surface, and some of them are apparently not 
operative in a dilute slurry. 

I think—in fact I know—that one will find a general cor- 
relation between filtration resistance and strength properties 
of dry sheets, just as one finds such a correlation with freeness. 
I am personally convinced that neither freeness nor any other 
property determined in a dilute aqueous suspension will 
determine, effectively, the strength properties of a sheet 
of paper. I might surprise you by telling you that we feel 
there is some utility to freeness. We have tried to show that 
it is not a reliable index of drainage rate under widely varying 
conditions. But I think, particularly in a mill which is mak- 
ing one grade of paper day in and day out, the experience 
which has been built up on the basis of freeness tests is very 
valuable, and I doubt that it will be thrown overboard in 
favor of anything which we may have said today. 

Actually the freeness test suffers from a number of faults. 
The principal two are the fact that it operates at a head which 
is much lower than that existing on most machines today 
and that it operates under conditions of falling head. The 
head is not constant. There is some indication in some of 
our work that while we would expect from the compressi- 
bility, that during the freeness test when the head is falling, 
the mat should be expanding—not compressing but expand- 
ing—we have some data which indicate this does not take 
place. Again it is a matter of kinetics as well as equilibrium 
situation. 

We feel that freeness is probably here to stay. We feel, 
though, that out of the work which we have been trying to 
do, and the very interesting work which has been done in 
England, some new concepts are developing which we hope one 
day will be useful. 

We hope, as Mr. Wrist expressed the hope, that we are 
going to meet in the middle somewhere, inasmuch as we chose 
quite a different approach from that which has been chosen 
in England. 

STEENBERG: Mr. Chairman, in the paper I gave 
yesterday on behalf of our group, we have also reported 
some filtration experiments; and we have a different tech- 
nique. 

We use the probe described yesterday. It is put down into 
a sump, and a sheet is formed upside down, which means we 
always form it from a stock of the same composition. 

In the theory we assume that the quantity of fiber fixed to 
that wire is proportionate to the volume drained, which is 
true when there is no rate of flow of the stock relative to the 
wire. The agreement with the theory is remarkably fine. 
We have much more data than what are shown here, and the 
agreement is remarkable. 

But now the difficult thing is that if you have a flow of stock 
relative to the wire, you still find the theory to hold. But 
then there is no proportionality between the quantity of 
fibers fixed to the wire and the volume drained, which is as- 
sumed in calculating the formula. There must be some- 
thing wrong here. I was very surprised that nobody com- 


mented about it, and perhaps it is simply that it is some 
confusing observation which we can’t explain today. 

I think it would be very interesting to have this commented 
upon, because it is a sort of different approach, a different ex- 
perimental setup from most of the other experiments that have 
been done in this field. 

Nissan: I want to draw attention to work by Barkas 
and his colleagues—Hallan, Christienson—as he is not here, 
which I think is characteristically meticulous, and the experi- 
ments are rather beautiful. I think the term applies to all 
of Barkas’ work. 

One point is that it applies to the paper by Mr. Nordman. 
Mr. Nordman talks of the elastic characteristics of the wet | 
web. The surface expands and the capillaries expand and 
the air can flow. Barkas has found an important point and | 
that is a hysteresis effect—an important fact. He has found 
hysteresis in the compressibility on the first cycle. This 
hysteresis with paper and pulp seems to plague all experi- 
ments whatever they are. Things happen in the first cycle 
which do not seem to happen afterward. 

I bring this point to the attention of Mr. Whitney because | 
in this method of measurement the sheet is made first, then 
it is allowed to expand, and then, if I understand it correctly, 
compressibility is measured. 

You will remember, gentlemen, as I do, that the equation 
for the curve obtained had a constant in it and I am wonder- } 
ing whether this, in effect, does not cover sins of omission 
and commission due to the hysteresis in the first cycle? 

I think that a correlation between the work of Barkas and | 
these papers will be very useful. 

There is one other thing and that is that Mr. Barkus has 
also found a particular point on your curves—a kink in the | 
curve when air just begins to penetrate the sheet. This may 
be significant in today’s papers. 

T do think that in all of our discussions of pulp character- 
istics and drainage we should take great note of the work of | 
Barkas. 

There is one more point which I discussed informally with 
Mr. Whitney this morning and it is something that has puz- 
zled me for years. 

You know, water flowing into small pores seems to behave | 
in a peculiar manner. For instance, if you take a glass filter 
and push water through it, when you come to study the char- 
acteristic of the permeability obtained, you find it is not 
completely explained by the viscous traction, by the viscosity 
factor of water. For instance, you get different permeability 
at higher temperatures than at lower temperatures with 
distilled water and we guessed that it might be due to sur- 
face tension effects. Therefore, we tried to reproduce the | 
effects by changing the surface tension by adding salt, al-| 
cohol, or by some other means, and we found that you could 
correlate the results, taking surface tension into account. 

However, gentlemen, surface tension as we measure it, is 
between air and water—presumably it is correlated to the 
interfacial tension of glass to water. 

However, how can interfacial tension affect the flow? I 
do not know. 

The second thing, it looks as if the boundary layer, as in | 
Mason’s finding, confirmed today by Mr. Whitney, that the 
volume of liquid which is not available to flow is of large 
magnitude, measured in Angstrom units where molecular 
forces apply. Now, what kind of forces apply at such tre- 
mendous distances is something that I do not know. 

I would like somebody to enlighten me on that since, 
particularly if you take small particles like a single fiber and 
allow it to sediment, you find no such force. You find 
that the specific volume, for instance, is not unlike what you 
get from other factors. . 

Therefore, the things that happen in the small capillaries 
are peculiar and I would like to know if Mr. Whitney has 
some comment to make on them as they must affect paper- 
making. 
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Wuitnrey: I can answer the question as to what sort 
of forces are involved here easily. The answer is that I do 
not know either. We, too, have been bothered by the large 
\amount of water which apparently is immobilized. As 
Mason and many of you know, there has been some per- 
_ meability work in the literature, where the ordinary specific 
volumes were used and where extreme difficulties were run 
into thereby. I think that it is fairly well established that in 
such work we must rely on the hydrodynamic specific volume. 
| We certainly must admit to a great deal of ignorance regard- 
| ing it and as to just why the water is immobilized as it is. 

Commenting on Mr. Nissan’s earlier remarks about the 
initial upset in compressibility measurements—he is quite 
_ correct. There is such a thing and we are aware of it. As I 
) tried to point out this morning, our compressibility measure- 
| ments suffer very definitely from the fact that they are made 
a the lapse of a considerable period of time. There again 
| all that I can say is that it is something that is recognized and 
| where we hope to get into the more interesting range of what. 
happens immediately. 


Incidentally, I did not point out this morning for lack of 
| time that one other advantage of the constant rate technique 
is that one gets off to an immediate start, as the data are taken 
immediately from the start of the filtration whereas in the 
» constant pressure experiments almost invariably there is an 
initial period of upset before one can adjust the pressure dif- 
» ferential to the desired value. The fundamental relations 
. must be integrated over a period which does not include the 
® initial condition, which is again rather unfortunate. 


While I am talking, I might comment briefly on Mr. Steen- 

berg’s remarks. We read his paper with great interest, 
because some of it was so closely related to ours. As he 
¥ pointed out, the approach and the mathematical developments 
| were different but we convinced ourselves that they are equiv- 
alent and we found a great deal of agreement between the 
conclusions that they reached in their report in relation to 
; ourown. Itis interesting, I think, that several of us in differ- 
» ent parts of the world are working along the same lines and 
} at least are not in too great disagreement. 
Wrist: There is one aspect which has been touched 
+ upon by Mr. Whitney and Mr. Nissan and that is the rheology 
| of the web. In the measurement that you gave us in your 
| paper you did say that with a constant pressure measure- 
# ment you found there was a time effect which was absent in 
1 the constant rate effect and you attribute this to the absence 
| of web due to the greater rate of filtration. 

When we think of high speed paper machines, we realize, 
that there we have a pulse of filtration of very short duration 
each time the web goes over the roll. A very high suction is 
applied for a very short time, maybe of the order of 1/709 of a 
second and this occurs perhaps 20 times going down the table. 
Obviously the rheological properties of the web during this 
very short application of pressure are going to greatly affect. 
the drainage. Perhaps there are some rheologists here who 
would like to comment on this aspect of the drainage—the 
very short duration of application of pressure. 

Mr. Gatuay: A portion of the topics with which I shall be 
| dealing tomorrow morning will be concerned with the rheology 
| of the wet webs but it will be rheology in tension and not in 
- compression. We have some work under way which will deal 
» with rheology in compression but it is so early in the game that 
I would rather say nothing about it. 

However, as you will see tomorrow morning, we did make a 
considerable number of measurements on the caliper of the 
+ wet webs containing different percentages of solids and those 
- measurements were made under a series of increasing loads. 
following which we extrapolated back to zero load in order to 
4 get close to a true thickness value—as close to one as we could. 
4 Most of the load-thickness relationships were straight and a 
few had a slight curvature. 

Now, we were faced with the same problem of course, as 
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that referred to. Knowing, that there was hysteresis in this 
rheological system, we chose to take those values which in- 
cluded the recoverable creep so that we obtained what were 
really minimum thickness values rather than those one would 
obtain by attempting to make such measurements at another 
point in the load-elongation cycle in compression. 

Foote: In view of the data presented this morning I 
was wondering if you have any information on the per cent 
of water that is carried around the table roll as it enters the 
nip and, secondly, does your equation take that into considera- 
tion? 

Wuitney: Our English and Canadian friends are 
much better on that than I for they have done more work on 
it. We think that the amount of water that recirculates 
around the table roll and comes back to the sheet is very 
much a function of the individual machine. 

Now, with regard to your second question, as to whether the 
formula takes such a thing into effect, the answer is that it 
does not. That is a very simple formula and it fails to take 
into account quite a few things which we know must happen 
ona paper machine table. 

It is designed simply to get the metric picture shown on 
that little sketch. 

InGMANSON: There are only a few minor comments 
in answer to a point raised by Mr. Clark when he commented 
on the peculiar shape of the curve you get when you plot 
specific surfaces as a function of the strength properties of the 
sheet. 

From the work that I have seen in the literature in that re- 
gard, the specific surfaces as determined by permeability or 
silvering techniques are always done on the whole pulp, 
which includes all of the fines, whereas the handsheets lose a 
considerable amount of fines of very high specific surface. 
The point I wish to make here is that it would be better to 
determine the specific surface as the same pulp as that in the 
handsheets. 

Now, with regard to the anomaly that Mr. Steenberg 
brought up, of the apparent applicability of the filtration 
equation, this brings to mind another phenomenon that can 
be found in the analysis of freeness testers or drainage testers. 

For instance, in the Williams drainage tester, if you make 
the assumption that the cellulose mat is incompressible and if 
you obtain time-volume data as the sheet forms in the 
Williams tester, then application of filtration theory shows 
that the assumption that the mat is incompressible is a per- 
fectly valid assumption. This is remarkable especially when 
you are starting with what you know is a false assumption. 
Mr. Campbell noted in 1947 that a similar assumption was 
made in preparing the consistency and temperature correc- 
tions for the Canadian Standard freeness tester, and appar- 
ently it held quite well. 

Mopprator Camppeiu: Thank you. I think that we had 
better keep on traveling or we will not get a chance to discuss 
the other papers. 

Mr. Wrist has quite a number of written questions. Some 
of them have been covered through the discussion and pos- 
sibly some of them haven’t. Will you bring those forward 
please? 

Wrist: The majority of them are asking questions 
similar to this: ‘How does the filtration resistance correlate 
with the Williams freeness test?” 

There are other ones asking what is the relationship be- 
tween average filtration resistance and filtration resistance on 
a normal paper machine? 

I think that most of them have been covered by your 
remarks in reply to Mr. Clark about the general properties 
of these testers. 

Now, there is one question which doesn’t quite fall into 
that line. This one is from Richard Roberts. 

‘Figure 9 shows the filtration resistance increases with 
beating. Over the beating curve of any given pulp, do the 
filtration resistances of various fiber length fractions obtain- 
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able from that pulp increase at similar rates?” That is the 
essence of the question. Do you have any comment on that? 

Wuirney: I believe that I know what he is driving at 
and I further believe that I can answer that only in very gen- 
eral terms because we have done a very limited amount of 
work on filtration resistances of fractions of the pulp. 

I would be inclined to agree that as one beats the pulp it 
appears that what happens is that one makes fines and, of 
course, there are other things, like Clark’s fibrillae, but it 
appears that the increase in the specific surface is very largely 
due to the smaller individuals which form as a result of the 
beating. 

One can fractionate a pulp, take another sample, beat it, 
and fractionate it again and find that both the freeness and 
drainage characteristics of the long fractions have not changed 
much. There has been a change in the relative amounts of 
the fractions. 

We have done very little work and that is about as far as I 
can go. 

SHOUMATOFF (submitted in writing after the sym- 
posium): The filtration study by Ingmanson and Whitney 
has presented us with a carefully developed theoretical back- 
ground and highly competent experimental work resulting in 
a series of curves showing high precision and regularity. The 
development by this means of the concept of specific resist- 
ance as an important property of pulp from the papermaking 
point of view is highly convincing. 

At this time, rather than discuss details of their work, I 
would like to indicate briefly how the approach differs from 
some of the concepts which I had formed in my own mind as a 
result of an attempt at a more generalized type of permea- 
bility study not specifically concerned with fibers (Tappi, 
April, 1953). 

As indicated by Ingmanson and Whitney, their filtration 
equation is limited to laminar flow and also breaks down for 
high porosities, somewhere around 0.8. This apparently 
limits the direct applicability of their equation to the me- 
chanics of drainage on the actual paper machine. This was 
suggested by the necessarily much less precise operating data 
in Bennett’s paper showing that temperature had relatively 
little effect on drainage in the first part of the table. Ap- 
parently conditions of high porosity and turbulence do exist in 
the initial stages of sheet formation so that it might be of 
value to extend the laboratory conditions to include phenom- 
ena in this range. This would require a less limited filtration 
equation. 

Such an equation was used in my 1953 study, which in- 
cluded a two-term fraction factor to allow for both viscous 
and inertia forces using a simple porosity function. This is a 
simple exponential and although it may be less accurate and 
less linear in the low porosity range than the Kozeny function, 
it does have the advantage of having no limit as to high 
porosity. The conclusion that resistance is proportional 
inversely to the 4.3 power of porosity was in approximate 
agreement with the results of many other workers. In- 
cidentally, with a function of this type, there would be no 
difficulty in integration, such as was found with the Kozeny 
function. Some insight into the arithmetic and the range of 
proportionality of the two functions is shown by the following 
table: 


Comparison of Porosity Functions 


Porosity Kozeny function Empirical function, 

E (1 — E)2/E3 EB ~4.3 

1D) 0 ] 

0.9 0.0137 RO 

0.8 0.078 2.61 

OR, 0.262 4.65 

0.6 0.74 9.1 

0.5 2.0 20 

0.4 0.6 52 

0.3 18] 159 


Another aspect of the Ingmanson and Whitney study is 
their use of specific surface as a variable affecting drainage 
independent of compressibility. Actually as the fibers 
become compressed, a larger proportion of the surface becomes 
normal to the general direction of flow and exerts less roi | 
ance. In other words, the shape factor changes with com- 
pressibility and a method of calculating this effect was in-| 
cluded in the 1953 study. In the same paper, the influence of. 
mixtures of particular size on drainage was critically consid- 
ered, particularly for turbulent flow conditions. 

A further consideration is that filtration, especially of the 
constant pressure type, is a transient phenomenon, while the 
original Kozeny equation assumes steady state. It would 
seem that more explicit consideration of transient effects 
would be warranted than by purely mathematical manipula- 
tion of a steady-state equation. 

The above comments are not intended as criticisms of an 
excellent investigation, but merely to indicate that certain 
differences in viewpoint exist which may prove useful in 
future studies. 

J. R. Curtis (Scott Paper Co.): Your work indicated a 
good general relationship between specific filtration resist- 
ance and freeness over the normal paper machine operating 
range. What special fiber or pulp properties can be detected 
by filtration resistance that cannot be by other more common 
tests? 

WuitNEy: Our work has indicated that freeness is a 
very crude and rather peculiar index of filtration resistance. 
We feel that specific filtration resistance is a much more re- | 
liable and accurate indication of a pulp’s drainage character-_ 
istics. As pointed out rather extensively in the paper, 
filtration resistance may be resolved into components of 
specific surface, specific volume, and pulp compressibility. 
We feel that these are important pulp properties and know of 
no way in which freeness values may be interpreted in terms of 
these or any other pulp property. | 

MoprraTor CamMpBELL: Before passing on to the next 
phase of discussion, may I just put in one point for the record? 

By the Kozeny technique, both specific surface and specific 
volume are determined, and it is a remarkable fact that spe- 
cifie volume curves are very nearly the same shape as the 
curves showing the increase in strength with the beating. Now, 
just why that is so, just what that specifie volume means, is & 
bit of a question as yet; but I think it is well to bear that in 
mind in thinking about the thing. 

We’ve spent some forty minutes—or near it—on this 
paper. Now I suggest that we go on; and Mr. Lee will make 
comments and bring up the questions concerning the paper by 
Mr. W. E. Bennett. ' 

C. A. Len: First, I feel that Mr. Bennett should be con- 
gratulated on his paper, and particularly upon the objective | 
that he enunciated with regard to why he started on a paper 
machine; that is, that he desired to find out what the problem | 
and what the various variables were before entering into the 
laboratory work. 

His method of analysis in trying to obtain the answer to 


how the variables applied, I felt, was very excellent. How- | 


| 


ever, he pointed out a couple of items that I think he should 
like to elaborate. 

One is the effect of temperature in the early part of the 
paper machine. He had indicated that at a speed and at the 
operating conditions of the paper machine, that temperature 
was not deemed to be effective in the early part of forming 


the sheet; and I would like to have him comment on that — 


item. 


Also, to perhaps elaborate upon the effect of speed with 
regard to the work that he has accomplished. 


With regard to the suction at the crown of the table roll, if , 


you were to calculate from his formula the amount of suction 


present at speeds in the order of 1800 to 2000 f.p.m., it would — 
be quite high, and I doubt very much if that degree of vacuum | 


exists. 
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_ I feel, therefore, that the work should be extended and 
» carried into the other considerations of speed—forming board, 
special tube rolls, baffles, and doctors that are present in our 
present high-speed machine. 

_ Imight make one other comment with regard to the matter 
, of filtration as affected by the paper machine operation and by 
the tests by Mr. Whitney. 

It is entirely possible that a redistribution of the water 

in the filter-mat takes place, particularly on the paper ma- 
_ chine between successive tube rolls and prior to the flat boxes. 
| That is to say, the redistribution takes place, and it redistrib- 
_ utes itself and presents itself in a more favorable condition 
. for water removal as the sheet travels down the machine. 
_— W. E. Bennerr (British Paper and Board Industry Re- 
) search Association, Kenley, Surrey, England): To deal with 
your first point, the effect of temperature, I did skip over this 
a little bit, Lam afraid, and I said that temperature, from our 
- first experiment, which I’ve been describing, was effective on 
| the second half of the table, in the last two blocks of the dia- 
_ gram in Table III, rolls 10 to 21. There it was statistically 
) significant. The effects, toward the wet end, in that ex- 
» periment, are not significant. 

There is one other point I would like to make about this 
) regression analysis. It’s a very useful technique to use in 
+ certain circumstances, because we didn’t have to interfere 
with the running of the machine. You can take the results as 
they come, and they are analyzable. 

Of course, there is one very basic assumption necessary to 
» get any information out of such an analysis, and that is that 
the factors which you are comparing should be independent of 
each other; and, of course, they seldom are. 

We know very well that a lot of these factors are inter- 
dependent. So, because of that, there was a certain amount 
) of doubt in our mind as to the validity of many of these re- 
) sults, and it was for that reason that we did another ex- 
| periment later on. 

_ The experimental details were very much the same, but we 
) ran this experiment with different combinations of the fac- 
‘tors. For instance, velocities were 600, 640, and 680; as 
near as we could get them; and there were small fluctuations, 
i of course, about these three points. 

_ By doing an experiment to a factorial design, you can sort 
» out the main effects, of the factors on drainage and also the 
) interaction. And if anything shows up very strongly in the 
interactions, it will almost certainly modify the results of the 
*» analysis, if you did it the first way, by the regression tech- 
) nique. 

The temperature effect in this third experiment, which I 
» haven’t had time to talk about, was very much stronger than 
) it appears in here. It was significant much earlier on the 
} table. But generally the picture is not altered. It is more 
+ effective on the drier end of the table than on the flowbox end. 
And I did say that that seems to tie up with the fact that 
» you are more likely to get the capillary type of flow at the drier 
end, and the orificial type at the other. 

The effect of speed and these very high suctions, which go 
up according to the square of the velocity—I would like very 
much to measure them at higher speeds; but we have not been 
able to do it yet. 

I have no reason to doubt they are there, but they may be 
» very difficult, indeed, to measure, because on that diagram I 
} drew this morning—it is actually one of the figures in the text 
+ —the suction is only operating for something like half an 
inch. During that period we have to measure 20 or 30 points, 
} and it is very critical to find the places of maximum suction. 
' At high speeds, the peak will be very sharp. 
We have never been entirely happy about the way we were 
4, measuring the suction by having this piece of material 
§ skidding along the surface. Of course it obviously disturbed 

flow lines. But just before I came here, I had an interesting 
t talk with Mr. Brauns and he suggested to me another way of 
doing this. 
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This is a way of avoiding anything on the top of the wire. 
In fact, although we have still done our measurements with 
water only, we could quite probably use pulp. Instead of 
having an ordinary table roll, we have a hollow one, with 
perforations in it, and in effect it is a sort of suction table roll, 


A. Machine wire. 

B. Table roll, with one 
ring of perforations in 
a recessed end. 

C. Stationary block. 

D. Spring-loaded,rubber, — 
sealing strip with one 
hole matching ring of 
perforations. 

EK. Connection from hole 
to manometer. 


v 
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Apparatus for measuring suction at a table roll 


As you can see, looking at the table roll end on, now, here 
is our nip of water; and the seal is now occupying this area 
(indicating), and we can move this around to cover the area 
covered by the nip of water. 

I had a letter a couple of days ago from one of my colleagues 
saying that they had been measuring the curves in this 
fashion, and they also had an artificial resistance on the top 
of the wire, a certain thickness of cloth. 

The actual shape of the suction curve was very similar to 
the ones which I showed you this morning. The actual peak 
value is not quite the same, but there is no great discrepancy. 

Moprrator CAMPBELL: Has Mr. Wrist any comment 
about measuring suction at the high speeds? 

Wrist: There are two remarks I would like to make in 
connection with the theory. 

One really arises out of Mr. Whitney’s paper this morning, 
in which they report a discrepancy of a factor of 4 between 
the two equations of drainage. This arises because they 
made the assumption that the pressure was constant over the 
nip. As an actual fact, the theory and the experimental re- 
sults do show that the pressure builds up from zero to a 
maximum. Therefore, the average pressure over the nip is 
half the maximum pressure. Since the pressure term comes 
into the equation of drainage as the second power this gives 
a factor of four. 

And the other fact which I’d like to comment on is the de- 
pendence of drainage on speed. If you look at the equation 
the first impression is that the drainage should go up as the 
cube of the speed, and no papermaker believes that. The 
reason for this is that in the denominator is the resistance. 
We have seen that due to the compressibility of the pulp as 
you raise the speed and thereby increase the pressure, you in- 
crease the resistance. 

Both introduction of experimental determinations of pulp 
compressibility into the equation and the actual machine 
determinations of the dependence of water drainage on speed 
show that the equation reduces to approximately a half power 
law. This, I think, does fit in fairly closely with practical 
observation. 

Mopprrator CAMPBELL: Are there any other comments on 
Mr. Bennett’s paper? 

SreenBeRG: My first question is, what will happen to 
the wire—the suction off the table roll will in all probability 
deflect the wire? 

Could you follow what I meant by that? May I use this 
(indicating blackboard)? Now this is the (using blackboard 
and drawing) table roll, and the wire moving in this direction. 
Now, if you have a suction area after the roll of the order of 20 
in. of water, that is a very heavy load on the wire. The wire 
must deflect. How does it deflect? And what will come out? 

The high pressure is in the very first area after the roll 
apex, and there is a fairly long distance between the table rolls, 
so there is quite a possibility for the wire to sag. I would 
believe that if I put a suction of this order to the wire, the 
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wire would rest on the table roll for a considerable distance. 
So, I believe that the wire will look like this (drawing). With 
this heavy pressure it must definitely be pressed down in some 
way. 

Now, there are some important things to remember here. 
All that power to draw in water must be supplied by the couch 
motor, because you don’t put any energy into your machine 
in any other place and that work has to travel along the wire. 
If this high suction exists, it would be quite interesting to have 
a value of the actual tension in the wire while it is running, 
which, of course, is entirely different from the tension in the 
wire when it is still, or the tension on the slack part of it. 

Maybe the work which you have to apply to take out the 
water will stress the wire and tighten it so much that it does 
not deflect proportional to the increased suction with speed, 
and then these two effects cancel out in some way. At any 
rate, I think the deflection of the wire is something you have to 
take into consideration. 

May I use two more seconds on this, because we have 
worked on it a little, using an optical method to determine 
the surface of the running wire with stock on it. Ifyou havea 
line and take the mirrored image of that in the wire, you will 
get.a distorted line—from this you can recalculate the profile 
of the surface. Then we had to know the form of the wire. 
We started to assume that the wire was flat. With the ac- 
curacy of optical approach, we found that was a very poor 
approximation. 

The next approximation of the form of the wire was to 
treat it as a stretched beam under point supports. That 
theory was not of any value because, (1) you do not have 
point contact and (2) you have inertia effect. The catenary, 
the chain line, will not have its apex in the center between 
rolls. 

Furthermore, I am asking the author, now, if you meas- 
ured on the top of the water-film a suction of the order of 20 
in. of water, what is the suction under the wire? The suction 
there must be a much higher figure, because you have a lot of 
pressure lost, passing in the wire and passing through the 
layer of fiber which rests on it, so the actual suction down here 
is probably many times. 

Did you measure this with just water on the wire? 

Bennett: Yes we did. 

STEENBERG: If you measure it with just water on the 
wire, you have entirely different conditions because you have 
a transparency of the wire which has nothing to do with the 
transparency of the wire when you have stock on it. 

I think the calculation of the form of the wire when it is 
running is of tremendous importance, to be able to under- 
stand sprays and similar things. 

I am now coming over to my second question. Here, with 
our optical method, we can determine the surface of the 
moving wire, the surface of wire (water) on the moving wire, 
with an accuracy which is definitely better than 0.001 in. 
when the speed is up to say 500 or 600 ft. 

We find that the hump is not over the apex of the table roll. 
It comes off that. At higher speed, that hump travels up, 
and the horizontal distance from the top of the hump and 
top of the table roll is dependent on the square of the speed. 
At some speed, eventually the top of that hump will be thrown 
off in the form of a drop. And then, of course, you have the 
secondary form of substances that come up roughly at this 
distance (indicating). 

Now you exactly measured pressure, and you said the pres- 
sure was zero above the roll. Now you see this area is cer- 
tainly of some definite interest, where you pass through the 
plumb line, because I would believe you had zero pressure on 
this side (indicating negative) and not exactly at the apex of 
the roll. But of course you have to make very delicate meas- 

urements, and it is very difficult. The optical method is even 
too sensitive for this thing. 

I would like to hear comments on the inference of the form 
of the wire which is the most important thing, I think. 
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Brennerr: If I might deal with the last point first, 
as you say, we had a very small amount of space to work 
with in the measurements over the top of the roll, and while I 
did, in fact in my diagram say top dead head center, we were 
not sure. We suspect it was a little bit over. 


But in these other experiments, which I just mentioned here, 
where we take the measurements underneath, we can see much 
more clearly now that the point of zero in pressure is, as you 
suggest, over on that side, and that is a consequence, I think, 
of the thing which Mr. Underhay was mentioning—the 
wedging of the water—some water being carried under, some 
being carried on the roll and being wedged up there. And so 
the suspected top dead center is misplaced to a certain extent. 


In connection with this profile of the wire, and to what 
extent that is going to be useful, I feel I should move over to 
the board for that. 

IT am not at all convinced that the profile, the top profile of 
the stock, would necessarily follow the profile of the wire. 

STEENBERG: May I interrupt—no—the profile of the wire 
was determined with just a film of water on it. 

Bennett: Yes, but even then I think with water on 
the wire, you might expect something rather like this (drawing 
on blackboard). I will exaggerate very much the thickness 
of the water film, to come up here somewhere, and then as it 
moves over top dead center, and over the area of the nip it 
comes like that (drawing), and would achieve this new level 
here, and the nip of water is in there. 

The profile of the wire itself will follow that of the stock 
surface to some extent. I think that it will come down like 
that (indicating). However, it will not necessarily be the 
same. 

On this question of power consumption, it is quite obvious 
that we cannot get something from nothing and power must 
be transmitted along the wire. It would be a most interesting 
and informative thing to measure the natural tension of the 
wire at these speeds. 

As I say, the machine that we use or did use had many 
advantages for us. However, when you are doing mill 
experiments you find that you can never get everything as 
you want it and, after all, the machine was tied up with 
belts and pulleys and so on and therefore we could not get 
any sensible information on our power consumption rates. 
I think that this is something that would lead to a lot of useful 
information. 

Does that answer the question? 

STreNBeRG: I think that you have answered the ques- 
tion. We seem to agree that if a suction of 20 in. exists, the 
wire must be pretty well deflected in that area and it may 
make a considerable area of contact with the roll. You 
will agree that as long as you have that contact area you can- 
not get anything out. 

Bennett: That is true and that is something that is hard 
to explain. 

Of course, this question of the wrapping of the wire on the 
roll, which we have known for a long time, people have 
tended to attribute it to the surface tension forces, but it 
seems to me a question of fluid friction going through the wire. 

STEENBERG: Yes. 

MoprerRATOR CAMPBELL: Are there any further questions 
or discussions? 

Marpon: With regard to the wrap of the wire on the 
roll, there are some good photographs of it at about one five 
thousandths of a second* which show this wrap very well and 
some of the photographs show the various degrees of the wrap 
of the wire on the roll at different parts of the wire. 

I have a definite question for Mr. Bennett in regard to his 


paper, where he discusses the increased drainage that he finds ° 


at his table roll no. 2. 


me Made by F. W. Perry (now of Peter Dixon) wl ked witl 
and by Bernard Browning of Bowaters. whe worked Wie ae 
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what the machine did at the time. 


In fact, might it not be possible that the increased speed 


caused a further deflection of the jet down the wire and so 


greatly reduced the drainage at the breast roll and conse- 


/ quently caused an enlarged drainage at the first tube roll and 
at the second one? 


Bennett: Well, I am trying to remember exactly 
There was a good deal of 
‘kick-up from the roll but I did not think that it would be 
‘directly effective at roll no. 2 by the profile of the jet. 


' Marpon. I am sorry, Mr. Chairman and gentlemen, 


, 
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' indicates that this is a splendid paper. 
| the gravity theory was most forcibly brought to our attention 
. by a power distribution analysis on a high-speed kraft machine 
) where required water drainage is enormous. The power 
s required to drive the table rolls is most startling. Power meas- 


but it seems that Mr. Bennett did not understand my question. 
_ The jet from the slice is actually a free jet of some distance, 


_ and the important thing in operating any medium and high- 


“speed machine is the actual position of the impingement of 
the jet on the wire relative to the breast roll suction area. If 
there is a large breast roll discharge, even when one is running 
‘a machine at the medium speed of 1500 ft., an alteration of 
50 or 60 ft. is sufficient to deflect the jet a little further down 


| the wire and thus much less water is taken out by the breast 


roll, and, of course, it goes on a little further. Therefore, 
when one increases machine speed, one normally adjusts the 
position of the breast roll to catch up with the jet if water is 


_ being deflected down the breast roll and if it is desired to 


-maintain the same proportion of total drainage at the breast 
roll. 

Bennerr. Well, first of all, during this series of ex- 
periments we didn’t alter the position of the jet, the slice, or 
anything. We left that quite rigid and constant. 

Secondly, the first roll and the breast roll—we could not 
distinguish between them. We could not collect these flows 
separately and that got rid of a lot of problems. It was a 
convenient rag bag for all of these awkward effects which 
might have happened. They are all lost in the first trough, 


which drains the breast roll plus the first roll together. 


Wrist. Possibly I can answer part of Mr. Mardon’s 


+ question by saying that this particular machine was going 
| about 700 f.p.m. and, as I remember, the jet impinged on top 
+ dead center of the breast roll or a little bit before, so that there 
» was no alteration of breast roll discharge. 


Does that answer you question? 

Marpon. Thank you. 

Len: Here is a comment from Eli Cowan which first 
“The inadequacy of 


urements could be correlated to suction. We have always 


+ been troubled by the necessity of treating the velocity factor 


as a constant in the gravity equation. Work done by the 


British research group is already a significant contribution 


for assessing the various physical factors in the design of the 
coordinator.” 

There are some other questions here. 

“Tt was stated that efforts have been made ‘to get the water 
further down the wire’ and that the water removal ‘may be 
too fierce.’ Why should not the water be taken out early 
and rapidly if the means to do so are at hand?” 

Bennerr: Well, in connection with Mr. Cowan’s 
comments, I have had no practical experience myself of 
just what power is required to take out the water by the 
table rolls and if he has been able to estimate the power re- 


i quired to turn the table rolls over, then I am sure that it 


would be most interesting to know. 

In connection with the other point, I am sure that a lot of 
other people here are more competent to answer that one 
than Iam. Why, if we can get it in the early stages, then 


§, don’t we? I think that is about all of the comments that J 


have there and maybe somebody in the audience would care to 


’ comment further. 


I might mention another point which occurred to me fairly 
late in this analysis. 
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We are, of course, familiar with the idea of the forming 
board and other devices for moderating this flow and the 
question of shaped scrapers seems to be rather interesting. 
The idea of the scraper underneath the wire was originally to 
scrape the water off from underneath the wire but some of 
these scrapers now seem to have a convex back surface and 
there, again, I think that you probably can get more drainage. 

As I said this morning, the stopped table roll is sucking 
apparently at half the suction when it is going and so while you 
have the front edge of the scraper board actually scraping, 
the trailing edge is doing a little sucking. 

Lee: I have another question here. 

“The no. 16 table roll apparently removes more water than 
the no. 15 on that particular machine. Moreover, this 
result has been repeated. Is this not significant and is it 
possible to find why one roll will remove more than expected?” 

Bennett: Now, I think I mentioned that this morn- 
ing, and I am still quite mystified as to how it happened. 
I am quite convinced that it is not a question of the surface 
of the roll or how true the roll was or anything like that. 
It is a question of the position on this machine. 

Ler: It poses a question. Is it not possible that the 
water in the fibers could redistribute at some place down the 
wire to effect the more efficient removal at the common point 
in the wire? 

BENNETT: Yes. 

Ler: I have one last question and I think that this 
has been covered in the data or discussion. 

“An extrapolation of your data indicates that 30 in. of 
mercury would be reached at a speed of 2500 f.p.m.”’ 

I think that we have dealt with that already. 

Moprrator CaMpBELL: That concludes the discussion 
of Mr. Bennett’s paper and so we will pass on and ask Mr. 
Sankey to make his comments upon the paper of Mr. Anders- 
son. 

C. A. Sankey: Mr. Chairman, Mr. Andersson’s paper is 
concerned with the stage of papermaking on the paper 
machine prior to that of the previous speakers. 

I cannot help commenting, as a Canadian and in view of 
many remarks to the effect that, in general, Europeans tend 
to be more theoretical than our friends on this side of the 
border, who tend to be more practical, that in the present 
circumstances I notice a distinct reversal of this approach. 

Now, in commenting on Dr. Andersson’s paper, as he 
knows the regular commercial practice on all machines has 
been to operate under such conditions that the rate of flow 
from the size of the jet is from 80% to 95% of wire speed. 
That has been done for years and, as a papermaker will tell 
you, it is the only way to make paper. If he happens to be a 
little bit more specific, he will say that if the speed of the slice 
discharge gets too fast it will make a heck of a mess on the 
wire and he will not say “heck” either. 

Still a third explanation which I have heard is that you 
have to comb out the fibers a bit in order to make a good 
sheet of paper, which of course raises the question of the ex- 
planations offered by Mr. Andersson for his results and for 
which he was going to get into an argument with Mr. Van den 
Akker and Mr. Mason. 

A most interesting point in the paper to me was the ex- 
planation offered by Mr. Andersson for his results because you 
will recall that in terms of his experiments he arrived at ex- 
actly the same conclusions that the papermakers have arrived 
at long ago, that the ideal condition was to operate at about 
a 10% differential between the start speed from the slice and 
wire speed. Now, Mr. Andersson’s explanation was, liek 
understand his paper correctly, that it was largely a matter of 
difference in the velocity going through from the top of the 
surface on the wire through to the wire itself because the bot- 
tom is slowed down by frictional contacts. 

I think that perhaps Mr. Andersson might like to comment 
on the relative validity of the older explanation and on his 
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own and I would also like to give him a chance to pick a 
fight with the two gentlemen that I previously mentioned. 

ANDERSSON: Thank you very much. 

This thing about 80 to 90% is fairly well known since the 
time of Bryan and Donkin. That is very recent and people 
sort of expect me to stick to it. 

I am slightly . . . Iam sorry to hear that my paper was 
misinterpreted because with regard to the unit period, it was 
my intention to try to kill that. 

It was mentioned that the optimum speed of the stock 
could be expected to increase with the speed of water, but I 
think that my results still cannot prove that the optimum 
conditions occur at a specific percentage. 

As I interpreted the paper, I got the impression that it 
rather disproved than proved its point. 

I think you are all justified in believing that these optimum 
conditions occurred at different percentages. There is prob- 
ably much more involved in relationship all through the meas- 
urements which we have been able to do and as a result they 
are more practical to make the distinction. ; 

As far as Mr. Van den Akker is concerned, I would like to 
hear from him for a couple of minutes and I would be happy 
te answer any of his questions. 

VAN DEN AKKER: My remarks on fiber orientation— 
or abserive of orientation—were appropriate to free flow of a 
slurry, not to what happens on the wire of a paper machine. 

Sankey. I think that perhaps the common ground 
between Mr. Andersson’s and my own comments are that for 
each particular paper machine and for each particular set 
of conditions, there is one ideal condition which is found in 
practice by the papermakers and in the terms of their own 
production. 

Mr. Andersson is interested in trying to find a more valid 
and independent basis and I think that we are on common 
ground. 

Do you agree with that? 

ANDERSSON: Yes. 

UnpErHAy: I would suggest that this term “opti- 
mum” is a little confusing. My question would be—optimum 
for what? I think it is important to know whether it is 
optimum to make a square sheet, which you are talking about, 
or whether it is optimum to make a grainy sheet. I think it 
is rather confusing to be using the word optimum when you 
don’t know which one. 

AnpeRsson: I have found only one optimum; the 
square sheet that creates optimum in the sheet formation. 
I did not find an optimum in any other. 

SANKEY: The real optimum is optimum production. 

Moprravtor CampBe.u: Are there any more thoughts and 
arguments on this point? Apparently silence prevails and 
so I will ask Mr. Foote to make his comments on the paper by 
Mr. Underhay. 

Foote: Mr. Underhay puts me in the unhappy 
position for discussion here of nothing but complimentary 
things. 

He has presented factual data which seemingly cannot be 
contradicted. 

He has devised a laboratory technique which covered fully 
the problems which he encountered. 

He has translated the results therefrom to practical limita- 
tions in a paper mill. 

Now, I am forced to say that I can only agree with him. 
I think that the main question that we can go to from here is— 
where do we go from here? 

Now, before I introduce some of the questions which came 
from the audience, I would like to make a few of my own. 

All of your two-sided necessary determinations on hand- 
sheets were visual and I wondered whether you used your 
stripping method for determining the ratio on both sides? 

Unpreruay: No, they were all visual determinations. 
However, I can say that they did give the ratio of 2 to 1 and I 
apologize for not actually including them. 
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Foorr: Your paper has me almost convinced that two. 


sidedness is developed in the table rolls; I would like to hay: 
you comment on Hanson’s remarks in Tappi in April of 1951 
where he stopped the paper machine with the stock on th 
wire, let it dry there several days, and then cut strips off th. 
wire in various positions. A particular sample taken 3-ft 
from the slice showed the same distribution curves that you 
have. There was a higher concentration on the felt side o 
the sheet than on the wire side. 

I wonder if you would comment on that? 

Unppruay: Frankly, I find it a little hard to under- 
stand that. As I see it, if you slow a machine down from a 
thousand feet a minute or whatever it is, it has to pass throug 
that 80 f.p.m. range which I showed you, and I am sure tha 
at 80 ft. you can make a completely non-two-sided shee 
and just how you can slow it down to zero and find that it is 
not two-sided, I don’t know. That does not tie up at all. 

Foore: I have but one question here. “If there js 
but little difference in printing characteristics between th 
felt and wire sides of your loaded sheet, why is the top sid 
preferred for the top cover of your magazine?” 

Unperuay: That is a very sound question. I think that 
T have the answer to it. 

I would like to define “‘printability” and that is something; 
that is very difficult. I tried to narrow it down to the faithful 
ness with which the surface reproduces the typing faces ir- 
respective of any color differences. You can only be irre- 
spective of the wire mark if you get a sheet which happens 
to be singly free from wire marks but the color difference is 
still there and I think that the difference is sufficient to choose 
the top side because although the faithfulness of reproduction 
may be the same on both sides, you will, in fact, get a better 
impression of printing because of a brighter shade showing up 
there. 

Sankey: With all due respect to you today I have to 
add that I have never met a printer who refused to see the wire 
side. 

Moprerator CAMPBELL: We will proceed to the next 
paper. Mr. Blickensderfer will comment on the paper 
by Mr. Nordman. 

P. 8. BuickeNspERFER (Champion Paper & Fibre Co.): 
The paper which Mr. Nordman presented was most interest- 
ing. All of us who work in the paper industry are interested 
in methods that more closely simulate paper machine con-_ 
ditions in the laboratory. It is usually cheaper to work in a 
laboratory than on an_ expensive production machine. 
Also the laboratory presents the additional advantage of 
better experimental control. So far in this symposium, | 
several very interesting pieces of equipment simulating | 
machine conditions have been described; in particular the | 
one by Mr. Steenberg, and now I have the pleasure of com- | 
menting on one by Mr. Nordman. 

I believe you will agree with me that the design of Mr. | 
Nordman’s experiment was novel, and that his equipment | 
| 


was most ingenious. It is gratifying to know that it is pos- 

sible to express in simple terms, suction conditions on the 

paper machine, and therefore be able to build a rather | 
simple piece of apparatus to reproduce these suction conditions | 
in the laboratory. 

Mr. Nordman has, indeed, done a good job of simulating 
some of the paper machine suction conditions, particularly in 
connection with the suction boxes and couch roll. But no | 
doubt he, and all of us, will agree that the simulation is by 
ho means complete. This situation is no criticism in the 
adverse sense, but should be mentioned. 

I have been thinking of Mr. Underhay’s paper, where he 
showed that machine-made papers, at least under the con-° 
ditions that he used, were two-sided, and that the sheets 
produced by straight suction conditions in the laboratory 
were not two-sided according to his test. In Mr. Underhay’s 
case the criterion of two-sidedness was ash content gradient. 
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It might not be unreasonable to assume that a steep 
cellulose “fines” gradient would exist in machine-made paper 
| but does not exist in paper made under suction conditions in 
the laboratory. This difference between machine-made and 
laboratory-made may influence dryness results. 

There are many men in the audience who know much more 

about this phase of the work than I do; I would appreciate 
| hearing from some of these people, particularly Mr. Brecht 
and Mr. Gallay, as to what possible influence these differences 

might have. 
| Then, going to Mr. Nordman’s results, I had written 
i down here a comment on freeness, but I think you all will 
) agree with me that has already been adequately covered. 
__ I feel that this is perhaps an obvious point, but perhaps 
' should be brought out, namely, that Mr. Nordman referred 
» to the influence of fines on dryness, which, incidentally, is 
/ one of the more important influences on dryness. His re- 
sults involved one set of papers containing fines solely from 
\ groundwood, and another set containing groundwood fines and 
' hydrated fines from chemical pulp. 
To classify fines merely by the word “fines” does not, 
» perhaps, characterize them adequately. Perhaps some of the 
) people who are more versed than I am in the theory and prac- 
tice of filtration, might comment on any possible influence 
» the different types of fines might have on Mr. Nordman’s 
» results. 
I feel that Mr. Nordman has done us a great service to 
} point out the possibilities of a new technique, and would like 
» to hear what you men think about it. 
_ I might say, in conclusion, that Mr. Nordman was, as you 
_ know, the last man on the program before the panel dis- 
/ cussion, consequently I have the misfortune of announcing 
that I have no written questions to present to him. This is 
| all the more reason why you men who do have ideas, or have 
» had experience along these lines should speak up and not in 
_ any way be hesitant. 
Thank you very much, Mr. Chairman. 
Brecut: I don’t know whether I am able to make any 
comments which are of any value. As a matter of fact, 
5 years ago we did a little work in about the same field as Mr. 
’ Nordman did. We always were interested in determining the 
+ dry content of the sheet at the couch roll in the laboratory 
» because it is of the greatest importance for the wet web 
) strength. I am looking forward to the paper tomorrow by 
| Mr. Gallay on wet web strength. 
What we did in finding out the dry content of the wet 
) sheet at the couch roll was the use of a sheet forming device 
‘ in which the wet sheets were made for strength testing. 
{ Drainage was divided in two parts, the first, the free drainage 
’ of water, the second drainage under vacuum. We thought it 
) advisable to use two figures for characterizing the drainage 
properties of the sheet. The first period of drainage gives a 
number which refers to the free dewatering as it occurs on the 
* table roll. The second number characterized the dewatering 
' property of the stock as it is, well, as it occurs in the suction 
+ part of the paper machine. We obtained interesting values, 
» which could be used for an equation. This equation gave in 
/ an empirical way about the same values as were measured at 
the suction couch of a certain paper machine. 

I am convinced that the method he described this morning 
+ is much better than the method we used. Nevertheless, we 
} could find that for machines, running with a speed of 1200 
f.p.m. producing paper with a substance weight of about 
) 50 to 60 grams per sq.m. The results checked quite all right 
, indeed with the dry content we figured out by means of the 
+ two dewatering values developed in the laboratory. 

We didn’t use a dynamic method. We used a primitive 
} static method, and I do not think it necessary to describe it 
} here. I certainly liked very much to hear that Mr. Nordman 
? has developed such a fine apparatus, because we all know 
what the dry content of the wet web sheet means, and how 
} useful it will be to get a laboratory method which is able to 
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give us values which are, especially in the case of fast running 
machines, very difficult to obtain. 

Another question, perhaps I could refer to, is the term 
“the fine particles,” because we must distinguish between 
what we call the mucilage and the floury parts of the fines. 
These two sorts of particles, have a very different influence, in 
every regard as to the properties of the sheet, whether it is wet, 
or whether it is dry. 

What I would like to hear, or what Mr. Nordman would be 
so kind, perhaps, to explain a little better, is the kind of fines 
to which he referred. As far as I could understand there was 
no difference made between these two kinds of fine particles. 
Is that right? 

NorpMaNn: The fines I was referring to in my graph 
were the fines which passed the wire which we used in our 
test. It was not meant as an experiment to discover the 
different behavior of the different kinds of fines. It only 
illustrated that the fine fibers passing through the wire will 
influence the dryness of the sheet, and I am quite convinced 
that if we have different types of groundwood pulp we will get 
different slopes on this curve. 

Gattay: I wonder whether I might emphasize some- 
thing which probably doesn’t need repetition; that is, that 
the web strength depends on the quality of the pulp in the 
wet web, and it depends on the moisture content of the web. 

Now, if you use a constant vacuum for your water removal, 
then you arrive at a certain wet web strength. But it is a 
mixture of the quality and quantity factors, because in some 
cases you will have the type of pulps in the web which will give 
you a higher moisture content or a lower moisture content at a 
certain vacuum, depending on the system you have available. 

From the strictly practical point of view, if vou are in- 
terested in a certain mixture of pulps, then it is probably 
sufficient, simply to use a constant vacuum and arrive at a 
definite wet web strength. 

But from the more academic point of view, the more ab- 
struse point of view, it is strictly necessary to separate the 
quality factor from the moisture content factor. 

I am quite sure that both Mr. Nordman and Mr. Brecht 
are quite well aware of that, but I wanted to emphasize that 
as a very important phase of this whole matter. 

BLICKENSDERFER: I believe that Mr. Brecht and Mr. 
Gallay’s remarks, to a large extent, answer some of the ques- 
tions I raised. 

I think in fairness to Mr. Nordman that we should con- 
sider the fact that he is introducing a new method, and as he 
has just very ably pointed out, his results are of secondary 
importance. 

What advantages are there in this new method, aside 
from the close duplication of machine suction conditions? 

Moperator CAMPBELL: I see Otto Brauns put up his hand 
for a question. 

Orro Brauns (Swedish Wood Research Institute): In 
taking Fig. 5, there is one thing that I would have liked 
the author to have elaborated upon since it is of practical 
importance. You are increasing the dryness, as you go along 
with time. Now, what would have happened if you had 
increased the vacuum in steps and still maintained small 
time for each step? Would you have reached any given dry- 
ness sooner? It seems to me that you are withholding 
something from us. You must have made that experi- 
ment 

I mean to say that as the sheet travels over a vacuum 
box at constant vacuum, capillaries up to a certain size will 
drain; and if you want to drain more water the capillaries 
will be of a smaller size, and you would have to apply a higher 
vacuum. The figure might convey wrong ideas to the paper- 
maker. 

It does not matter however long you make your box. 
You see, you would never drain more than a certain size of 
capillaries for any given vacuum, and your experiments 
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could have given us the time factor involved. Isn’t that 
right? 

So, we shouldn’t believe that this curve is going up all the 
time, so that by increasing the length of a suction box, we 
would get more and more water out. Mr. Nordman is 
certainly aware of this. That is why I should like his further 
comments on the diagram. 

NorpMan: Mr. Brauns is quite right when he states 
that the curve should level out, but we haven’t been able to 
do these experiments with this rapid machine because the 
suction time was limited by the speeds which we could produce. 

But if we are using another type of drainage tester and 
applying suction for longer times, we will find that the curve 
will eventually level out, perhaps after a second or two. 

Also, if we increase the vacuum we reach a higher dryness 
of the sheet than we have shown in this investigation. We 
have made investigations on these lines, also. 

SHoumatorr: I would like to suggest a _ possible 
answer to Mr. Blickensderfer’s question, and that is the 
possibility of using the laboratory suction box to correlate it 
with the result obtained by Mr. Whitney in the drainage. 
I think that basically they are the same phenomena. 

O/; course you have the mixture of air and water; and Mr. 
Nordman said that the mechanism was that air entrains and 
carries the particles of water. Actually I believe it is more 
useful to visualize a two-phase fluid flowing with the pressure 
gradient. There was some work done by Brownell and Katz 
(Chem. Eng. Progress 43: 537, 601, 703 (1947)) on rotary 
vacuum filters, where they studied rather fundamentally the 
flow of mixtures of air and water through pulp mats. I 
suggest that a similar approach could be of interest for 
quantitative correlation of the suction box data. 

NorpMan: I think that the suction box is not so 
clean an instrument as the other instruments we have heard 
about today. 

I think that the application of hydrodynamics to this 
problem will give rise to widespread difficulties, just because 
we have two different phases. We have the phase over the 
same sheet where water passes through the machine; and the 
second one where air also is going through. I think that the 
relativity between the two areas will make a mathematical 
treatment difficult. It will be very difficult to calculate how 
large is one part and how large is the other. 

Certainly it will be very interesting to see the correlation 
between the results obtained with this instrument and the 
actual dryness we can obtain on the paper machine. So far 
we have not done anything along these lines. 

SHoumaAtorr: Mr. Nordman, some of the data which 
you presented this morning show that the temperature plays a 
very important part, which is similar to what Mr. Bennett 
says happens on the second half of the table roll, which would 
indicate that it is the Kozeny type of flow which is governing; 
also, that the beaten pulp was harder to dry than the un- 
beaten pulp, which would bring in the specific surface concept. 

NorpMan: Yes, that’s quite true, the same prin- 
ciples are involved, but I think that it is a very difficult task 
to calculate surface area from data obtained with this design. 

Nissan: I would like to draw your attention to one 
phenomenon which complicates the problems touched on by 
everybody up to this time. 

One thing that strikes everybody coming into the machine 
room of a paper mill for the first time is the fact that paper 
appears to be made out of rain; the rain to which I refer is at 
the slice. I have never seen a machine where the flow from 
the slice onto the beginning of the wire at the press roll was 
smooth. 

What I have observed and what everybody else has ob- 
served is a mass of drops, a large number of them, probably 
by the thousands, which we can see with the eye, going up 
along a parabolic trajectory and then falling on the water, 
Studies of drops falling on water by high-speed photography 
give some very beautiful pictures of craters, each with a little 
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coronet, with knobs on each of the points. These knobs 
themselves break and fall over, creating some more disturb- 
ance. 

What I am referring to particularly is that practically each 
one of these has a little air bubble attached to it when it 
settles down. 

Furthermore, in the stock that we have there are fibers. 
It is amazing how difficult it is to deaerate those fibers. If, 
for instance, you want to measure the density of a single 
fiber, you will find that you will have to boil it for quite a 
long time under a vacuum to deaerate it and get the density 
of that fiber properly. 

Now, what do we then have? There is a stream, not of 
water and fiber, but of water, fiber, and air. That will inter- 
fere with every phenomenon here. 

I want to draw particular attention to one item which was | 
mentioned and that is at high speeds you can calculate the 
suction by Mr. Wrist’s theory and you will find that you 
approach the barometric pressure at fairly attainable speed. 

I want to emphasize that if we should ever measure it and 
find that suction is not reached it does not disprove Mr. 
Wrist’s theory, because if you take an aerated liquid in a 
pump and start the pump, you will find that you approach 
a certain vacuum and that you stop at it because the air comes 
out. Therefore, if we should ever measure this and find 
that the pressure is not the value that Mr. Wrist has given, it 
does not disprove his theory. His theory is proved if we | 
measure it with water. When we do that we find that it is 
approximated and that it is sufficient to prove that. 

Now, the second point is that we have all attempted to - 
duplicate things on the machine from a drainage point of 
view but in our apparatus we do not have the aereation 
property. We have a two-phase flow in our operation and a 
three-phase flow upon a paper machine. In our test apparatus 
we even try to produce a one-phase flow. 

Now, anyone that has done some work on permeability 
appreciates that a two-phase flow is different in character- 
istics from the single-phase flow and therefore again the catch 
will be that it will be a devil of a test to try and duplicate 
machine conditions in a laboratory test. I wonder why we 
want to duplicate it but then that is your problem and not 
mine. 

A third point that I would like to mention is in connection 
with the other paper. Mr. Steenberg has mentioned it and 
Mr. Mardon has pointed out that when photographs were 
taken of the wire the dip is quite observable. You can see it 
but it doesn’t wrap itself around the wire. 

The wire is stiff, it is rigid, and it is moving forward with 
some speed but still it does dip. 

Now, what this means then is that it does form a bend asit 
goes from one roll to the other and therefore there is a further 
complication in Mr. Underhay’s theory, in that you will 
have a shock wave at the tip, at the apex of the roll, even if 
you wipe that roll clean of water and therefore, once again, we 
have a little bit of complication in the detail of hydrodynamics 
which has to be taken into account. 

However, there is also a little pumping, not only of water, 
but of air also into the fiber and that fiber is again being 
churned by this boundary layer of air which is going in. 

Therefore, the point that I am trying to make is that when 
we talk of water going on as a stream, then all these considera- 
tions make a system which is not a single-phase system but a 
three-phase system of water, fiber, and alr, 

Now, if you really want to duplicate results with labora- 
tory equipment, I think that you want to aereate your liquid 
and to really mess it up before you do something with it. 
Moprrator CampBELL: Thank you, Mr. Nissan. Now, 
it is just past 5:15. I want to thank all of the people who ° 
have taken part in this discussion and I want to say that it 
has been one of the best discussions that I have ever encoun- | 
tered. Everything has been to the point. 
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ASSOCIATION NEWS AND EVENTS 


Local Section Meetings 


Pacific: Jan. 11, 1955, Longview, Wash. Pulping Session; 

March 4, 1955. Everett, Wash., Shibley Award Program. 
Kalamazoo Valley: Dec. 2, 1954, Hotel Harris, Kalamazoo, 
Mich., “New Testing Methods”; discussion led by Paul D. 
Applegate, Hercules Powder Co., Kalamazoo, Mich; Jan. 13, 

1955, joint meeting with the Michigan Div., APPM Super- 
~ intendents Association. 

Southeastern: Jan. 14-15, 1955, Francis Marion Hotel, 
Charleston, S. C. 

Lake States: Jan. 11, 1955, Conway Hotel, Appleton, 
Wis., “Chromatography for Control and Research in the 
Pulp and Paper Industry,” by Edgar Dickey, The Institute 
of Paper Chemistry, Appleton, Wis. 

a ew England: Dec. 10, 1954, Roger Smith Hotel, Holyoke, 
ass. 

Ohio: Dec. 9, 1954, American Legion Hall, Middletown, 
Ohio, George H. Pringle, Mead Corp., Chillicothe, Ohio, 
and President of TAPPI, speaker; Jan. 11, 1955, Manchester 
Hotel, Middletown, Ohio, ‘‘SSome Aspects of Stock Prepara- 
tion,’ by Alfred H. Nadelman, Western Michigan College, 
Kalamazoo, Mich. 

Lake Erie: Dec. 11, 1954, Hotel Carter, Cleveland, Ohio, 
Christmas Party; Jan. 14, 1955, Hotel Carter, ‘Materials 
Handling.” 

Delaware Valley: Dec. 10, 1954, Engineers Club, Phila- 
delphia, panel discussion ‘Latest Developments in Beater 
Additives.” 

Empire State (Metropolitan District): Dec. 14, 1954, 
Fraunces Tavern, New York, N. Y., panel discussion ‘“‘Cus- 
tomer Demands and Sales and Manufacturing Problems 
Arising Therefrom”’: Jan. 11, 1955, Fraunces Tavern, 
» “Comparison of Various Pulps from a Use Aspect,” by 
) Gerald Haywood, West Virginia Pulp & Paper Co., Luke, Md. 

Empire State (Eastern District): Nov. 18, 1954; Dec. 16, 
1954; Jan. 20, 1955; Feb. 17, 1955; March 17, 1955; April 
21, 1955; and May 21, 1955. Glens Falls, N. Y. 

Empire State (Northern District): Dec. 9, 1954; Jan. 13, 
1955; Feb. 10, 1955; March 10, 1955; April 14, 1955; May 
12, 1955. Woodruff Hotel, Watertown, N. Y. 

Empire State (Western District): Dec. 1, 1954, Prospect 
Hotel, Niagara Falls, N. Y., ‘““TAPPI, the Right Arm of Pulp 
and Paper Management,’ by R. G. Macdonald, Secretary, 
TAPPI, New York, speaker. 

Empire State (Central District): 
received. 


No meeting schedule 


Foreign Pulp and Paper Technical 
Association 


Following are the names of the presiding officers of or- 
ganizations throughout Europe that have approximately 
the same type of objectives as TAPPI: 


R. B. Jeffries, President, Australian Pulp and Paper 
Industry Technical Association 

Jean Vilars, President, Technical Association of the Paper 
Industry (France) 

H. Muller-Clemm, Chairman, Association of Pulp and 
Paper Chemists and Engineers (Germany) 

Otto Wurz, Vice-Chairman, Austrian Association of Pulp 
and Paper Chemists and Engineers 
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Oswaldo Emery, Chairman, Italian Association of Paper 
Technologists 

L. C. Carlsen, Chairman, Danish Association of Paper 
Technologists 

Henning Wadell, Chairman, Swedish Association of Paper 
and Pulp Technologists 

Heikki Sihtola, Chairman, Finnish Association of Paper 
Technologists 

C. A. Knudtzon, Chairman, Technical Association of the 
Paper Industry (Norway) 

G. F. Underhay, Chairman, Technical Section, British 
Paper & Board Association 


The TAPPI Fibrary 


Five years ago the members of TAPPI were contacted as to 
authentic specimen fibers they would be able to supply the 
Association for the purpose of organizing a fiber library or 
“Wibrary.”’ The response of the membership was gratifying 
to those members who promoted the project. 

The Institute of Paper Chemistry, which had agreed to act 
as custodian of the samples, carefully sorted the offers re- 
ceived to eliminate duplication. Considerable effort on the 
part of the many donors as well as the custodian during the 
ensuing year resulted in the publication of the first catalog in 
the February, 1951, issue of Tappi (Tappi 34, No. 2: 26A). 
This initial catalog listed 194 fiber samples ranging from 
ambari hemp to yawa fiber. The first addendum to the 
catalog was published in the September, 1952, issue of Tappr 
(Tappi 35, No. 9: 178A) and brought the total number of 
samples listed to 359. A second addendum of approximately 
30 fibers is being prepared and will be published in an early 
issue of Tappt. 

Those in charge of the Fibrary have attempted to obtain 
authentic samples (covering a wide range of pulping processes, 
degree of cooking and bleaching, etc.) of both commercial 
and noncommercial species. Anyone having samples not 
previously listed is earnestly requested to contact the fi- 
brarian. 

Since its inception there has been a steady, albeit relatively 
small, demand for samples from the Fibrary. Orders have 
run the gamut from one sample to the entire listings. Gen- 
erally, one must conclude that TAPPI members and others in 
the industry have found this to be a useful service. 

In conclusion, it may be well to emphasize that a representa- 
tive specimen of each fiber may be obtained from the TAPPI 
Fibrary, The Institute of Paper Chemistry, Appleton, Wis. 
Each sample has a number which may be used in ordering. 
(Reprints of the catalog will be sent on request.) A service 
charge of 25 cents ($0.25) per sample has been established to 
help defray the cost of handling, packing, and postage. 
Remittance of the necessary fee at the time of ordering will 
help to keep these costs as low as possible. 

Inquiries about the TAPPI Fibrary should be addressed to 
Irving H. Isenberg, The Institute of Paper Chemistry, 
Appleton, Wis. 


Fundamental Research Conference 


“Fundamentals of the Paper Machine” was the theme of 
the Fundamental Research Conference held at The Institute 
of Paper Chemistry, Appleton, Wis., on Sept. 21-24, 1954. 
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A part of the group at the Fundamental Research Confer- 
ence 


Harry F. Lewis of the Institute was the general chairman of 
the conference which was attended by 283 individuals. 


Since the papers presented, together with the discussions, 
will appear complete in the November and December issues of 
Tappi, no general story of the conference was published. 
The names of the individuals who attended this international 
meeting jointly sponsored by the Fundamental Research 
Committees of TAPPI and the Technical Section, Canadian 
Pulp and Paper Association, follow: 


SpEAKERS, Discussion LEADERS, AND CHAIRMEN 


Andersson,* O., Pulp and Paper Research Inst. of Canada; 
Physical Chemistry Div., 3420 University St., Montreal, Que., 
Bennett, H. W., Kimberly-Clark Corp., Neenah, Wis.; Bennett, 
W. E., The British Paper and Board Industry Research Assn., 
St. Winifred’s Laboratories, Welcomes Rd., Kenley, Surrey, 
England; Bennett, W. T., Chief Engineer, Canadian Interna- 
tional Paper Co., Sun Life Bldg., Dominion Sq., Montreal, Que.; 
Blickensderfer, P. S8., Asst. to the Director of General Research, 
The Champion Paper & Fibre Co., Hamilton, Ohio; Brauns, Otto, 
Director, Central Laboratory of the Swedish Paper Mills, Kris- 
tinas vag 61, Stockholm O, Sweden; Brecht, W., Institut fur 
Papierfabrikation, Technische Hochschule Darmstadt, Darm- 
stadt, Germany; Burkhard, George, Mill Research Director, 
Quebec North Shore Paper Co., Baie Comeau, Que.; Calkins, C. 
Richard, Riegel Paper Corp., Milford, N. J.; Campbell, W. B., 
Pulp and Paper Research Inst. of Canada, 3420 University St., 
Montreal, Que.; Chapman, Joe, Albert E. Reed & Co., Ltd., 
Aylesford Paper Mills, Larkfield, NR, Maidstone, Kent, England; 
Clark, James d’A., Longview, Wash.; Davis, M. N., Kimberly- 
Clark Corp., Neenah, Wis.; Foote, W. J., Consolidated Water 
Power & Paper Co., P.O. Box 315, Stevens Point, Wis.; Gallay, 
Wilfred, Director of Research, The E. B. Eddy Co., Hull, Que.; 
Griesheimer, + R. N., The Mead Corp., Chillicothe, Ohio; Ing- 
manson, William L., The Institute of Paper Chemistry, Apple- 
ton, Wis.; Ivarsson,* Bertil, The Beveridge Paper Co., Indian- 
apolis, Ind.; Lee, C. A., Kimberly-Clark Corp., Neenah, Wis.; 
Logan, { K. C., Northeastern Paper Products Ltd., P.O. Box 1456, 
Quebec, Que.; Lyne, L. Murray, The E. B. Eddy Co., Hull, 
Que.; MacLaurin, D. J., The Institute of Paper Chemistry, 
Appleton, Wis.; Malmstrom, Homer E., Basic Research Labora- 
tory, Kimberly-Clark Corp., Neenah, Wis.; Mardon, J., Research 
Iingineer, Northeastern Paper Products Ltd., P.O. Box 1456, 
Quebec, Que.; Mason,t 8. G., Head, Physical Chemistry Div., 
Pulp and Paper Research Inst. of Canada, 3420 University St., 
Montreal, Que.; Nissan, Alfred H., Dept. of Textile Industries, 
The University, Leeds 2, England; Nordman, Lara, Oy Keskus- 
laboratorio-Centrallaboratorium Ab, Hesperiank 4, Helsinki, 
Finland; Porter, Cover C., Southland Paper Mills, Inc., Lufkin, 
Tex.; Rance, H. F., The Wiggins Teape Group Research Or- 
ganization, Glory Mill, Wooburn Green, High Wycombe, Bucks, 
England; Sankey, C. A., Research Director, The Ontario Paper 
Co., Ltd., Thorold, Ont.; Schelhorn, Fred B., National Container 
Corp., P.O. Box 1620, Jacksonville, Fla.; Shinn, Dalton L., 


* On leave from Swedish Torest Products Research Laboratories 
+ Member of the Fundamental Research Committee 


T2A 


Crown Zellerbach Corp., Experimental Papermaking Section, 
Central Research Dept., Camas, Wash.; Stamm, Alfred J., Sub- 
ject Matter Specialist, Forest Products Laboratory, Madison, 
Wis.; Steenberg, Borje, Swedish Forest Products Research Lab- 
oratory, Paper Technology Dept., Kristinas vag 61, Stockholm 
O, Sweden; Tongren, John C., Hammermill Paper Co., Erie, 
Pa.; Underhay, George F., Bowaters Development and Research 
Ltd., Bowater House, Stratton St., London W. L., England; Van 
den Akker, J. A., The Institute of Paper Chemistry, Appleton, 
Wis.; van der Meer, W., Research Engineer, Van Gelder Zonen 
N. V., Research Laboratorium, Velsen (N.), Post Beverwijk, 
Holland; Whalen, J. F., Combined Locks Paper Co., Combined 
Locks, Wis.; Whitney, Roy P., The Institute of Paper Chemistry, 
Appleton, Wis.; Wollwage,{ John C., Kimberly-Clark Corp., 
Neenah, Wis.; Wrist, Peter E., Quebec North Shore Paper Co., 
Baie Comeau, Que. 


Symposium MEMBERS 


Aiken, William H., The Gardner Board & Carton Co., Middle- 
town, Ohio; Allison, Henry J., Technical Director, Container 
Corp. of America, P.O. Box 748, Fernandina Beach, Fla.; Amies, 
Fred, Albert E. Reed & Co., Ltd., Aylesford Paper Mills, Lark- 
field, NR., Maidstone, Kent, England; Arnold, Kenneth A., 
Technical Director, St. Regis Paper Co., Deferiet, N. Y.; Arvold, 
William V., Jr., Wausau Paper Mills Co., Brokaw, Wis.; Asselin, 
A., Plant Engineer, Rolland Paper Co., Ltd., St. Jerome, Que. ; 
Baker, W. E. Byron, Manager Paper Research, New York & 
Pennsylvania Co., Inc., Lock Haven, Pa.; Baldwin, H. P. (al- 
ternates George Mead, Gary W. Jones), Consolidated Water 
Power & Paper Co., Coordinator of Plants and Processes, Wis- 
consin Rapids, Wis.; Bergman, Stuart, Chemist, Brown Co., 122 
Willerd St., Berlin, N. H.; Baer, Russel F., Design Engineer, 
Coosa River Newsprint Co., 606 S. Norton, St., Sylacauga, Ala.; 
Balko, George A., Asst. to President, Richmond Pulp & Paper Co. 
of Canada Ltd., Bromptonville, Que.; Beath, L. R., Develop- 
ment Engineer, Price Brothers & Co., Ltd., Kenogami, Que.; 
Betts, C. Nevin, Sonoco Products Co., Hartsville, S. C.; Bixler, 
A. L. M., Riegel Paper Corp., Warren Mill, Riegelsville, N. J.; 
Boadway, J. D., Consolidated Paper Corp. Ltd., Three Rivers, 
Que.; Boinest, M. L., Jr., Paper Mill Superintendent, Halifax 
Paper Co., Inc., Roanoke Rapids, N. C.; Brann, John, Marathon 
Corp., Menasha, Wis.; Brown, Sidney A., Vice-President for 
Manufacturing, Rogers Corp., Rogers, Conn.; Buncke, H. J., 
Vice-President in Charge of Engineering, Oxford Paper Co., Rum- 
ford, Me.; Burdsall, John E., Asst. General Superintendent, 
Crystal Tissue Co., Middletown, Ohio; Burish, Bennie, Badger 
Paper Mills, Inc., Peshtigo, Wis.; Campbell, L. 8., Research and 
Technical Director, Gair Co. of Canada Ltd., 111 Richmond St., 
West, Toronto, Ont.; Carpano, V. A., Oxford Paper Co., Rum- 
ford, Me.; Carpenter, Edgar R., Technical Director, The Weston 
Paper & Manufacturing Co., Terre Haute, Ind.; Catlin, Thomas 
C. (alternate Ralph Atkins), Gilbert Paper Co., Menasha, Wis.; 
Cirrito, Anthony J., Asst. to the President, Advance Develop- 
ment, Rice Barton Corp., Worcester, Mass.; Connor, C. M., 
Vice-President, W. C. Hamilton and Sons, Miquon, Pa.; Corey, 
A. J., Fraser Companies, Ltd., Edmundston, N. B.; Cornell, 
John, Paper Mill News, 1440 Broadway, New York, N. Y.; 
Cowan, E., E. & B. Cowan, 5400 Pare St., Montreal, Que.; Cran- 
ford, W. B., Asst. to Director of Cellulose Research & Pulp De- 
velopment, Industrial Cellulose Research I.td., Hawkesbury, 
Ont.; Crawford, E. A., Continental Paper Co., Ridgefield Park, 
N. J.; Curtis, John R., Director of Mechanical Research, Scott 
Paper Co., Chester, Pa.; Cushing, M. L., Chief Chemist, Paper 
Laboratory, Stein, Hall & Co., Inc., Box 4, Long Island City, N. 
Y.; Davis, James W., Research Supervisor, Paper Makers Chem- 
ical Research Div., Hercules Powder Co., Hercules Experiment 
Station, Wilmington, Del.; Dickerman,} G. K. (alternate S. R. 
Parson, ), Consolidated Water Power & Paper Co., Wisconsin 
Rapids, Wis.; Diehm, R. A., Executive Vice-President and 
General manager, Ward Paper Co., Merrill, Wis.; Dixson, H. 
Philip, Vice-President in Charge of Manufacturing, Fox River 
Paper Corp., Appleton, Wis.; Doane, Foster P., Jr., Vice-Presi- 
dent, Bergstrom Paper Co., Neenah, Wis.; Donofrio, C. P., Pro- 
fessor, State University of New York, College of Forestry, Syra- 
cuse, N. Y.; Dorland, + Rodger M., Director of Research, Abitibi 
Power & Paper Co., Ltd., Central Research & Development Div., 
Sault Ste. Marie, Ont.; Douglas, G. S., Manager, Escanaba Paper 
Co., Escanaba, Mich.; Dressler, R. C., Thilmany Pulp & Paper 
Co., Kaukauna, Wis.; Duskin, A. W., Crossett Paper Mills, 
Crossett, Ark.; Eberl, James J., Director of Research, Scott 
Paper Co., Chester, Pa.; Edmonds, Garland T., Engineer, 
Chesapeake Corp., Port Richmond, Va.; Evans, John C. W., 
Editor, Paper Trade Journal, 15 W. 47th St., New York, N. Y.; 


Fales, H. W., Vice-President and General Manager, St. Croix , 


Paper Co., Woodland, Me.; Feazel, Thomas A., The Buckeye 
Cotton Oil Co., Cellulose & Specialties Technical Div., Memphis, 
Tenn. ; Flenniken, Cecil, International Paper Co., Southern 
Kraft Div., Springhill, La.; Forbes, Andrew, Albert E. Reed & 
Co., Ltd., Aylesford Paper Mills, Larkfield, NR, Maidstone, 
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Kent, England; Gardner, Howard 8., Director of Research & 
Development, Research & Development Div., Fibreboard Prod- 
ucts, Inc., P.O. Box M.M., Antioch, Calif.; Geffken, Durwood, 
Oswego Falls Corp., Fulton, N. Y.; Gladstone, R., W iggins, 
Teape & Co. (1919) Ltd., Production Dept., 46/58, Mansell St., 
London, E. I., England; Glassman, Alex, R. R. Donnelley & 
Sons Co., Research Dept., 350 E. Twenty-second St., Chicago, 
Ill.; Haeger, G. Emil, Inlands AB, Lilla Edet, Sweden; Hall 
Claes G., Technical Service Engineer, Swedish Cellulose Co., 
Bragegatan 13, Sundsvall, Sweden; Halse, Ole, Technical Service 
Man, Swedish Cellulose Co., Sundsvall, Sweden; Harper, John 
C., Chief Engineer, Downington Manufacturmg Co., Downing- 
ton, Pa.; Harrison, James J., Technical Director, Michigan Car- 
ton Co., Battle Creek, Mich.; Haywood,+ Gerald, Director of 
Research, West Virginia Pulp & Paper Co., Luke, Md.; Hellberg, 
Samuel D., Production Superintendent, Camp Manufacturing 
Co., Franklin, Va.; Hershey, Philip H., Acting Technical Direc- 
tor, P. H. Glatfelter Co., Spring Grove, Pa.; Higgins, James J., 
The Ohio Boxboard Co., Rittman, Ohio; Hill, Raymond A., 
Plant Engineer, Congoleum-Nairn, Inc., Cedarhurst, Md.; Hisey, 
W. O., Vice-President, The Sandy Hill Iron & Brass Works, 
Hudson Falls, N. Y.; Howard,{ I. J., Director, Cellulose Re- 
search and Pulp Development, Industrial Cellulose Research 
Ltd., Hawkesbury, Ont.; Howell, Charles M., Professor of Paper 
Technology, University of Maine, Orono, Me.; Howells, T. A., 
The Institute of Paper Chemistry, Appleton, Wis.; Hudson, 
Russell, Union Bag & Paper Corp., P.O. Box 570, Savannah, Ga. ; 
Hughson, G. D., Canadian International Paper Co., Sun Life 
Bldg., Dominion Sq., Montreal, Que.; Irvine, J. E., New De- 
velopments Engineer, Abitibi Power & Paper Co., Ltd., Toronto, 
Ont.; Jaékson,t Donald T., Technical Director, Hammermill 
Paper Co., Erie, Pa.; Johnson, C. G. R., Kimberly-Clark Corp., 
Neenah, Wis.; Justin, E. J., Engineer, Beloit Iron Works, Beloit, 
Wis.; Jones, Douglas, Executive Secretary, Canadian Pulp and 
Paper Assn., Technical Section, 3420 University St., Montreal, 
Que.; Kassing, B. L., Nekoosa-Edwards Paper Co., Port Ed- 
wards, Wis.; Kennerly, Huvil, Hopper Paper Co., Taylorville, 
Ill.; Kirby, G. H., Chief Engineer, Rolland Paper Co., Ltd., St. 
Jerome, Que.; Kissel, Robert E., General Superintendent, Char- 
min Paper Mills, Inc., Green Bay, Wis.; Kittredge, Gilbert D., 
Engineering Dept. Head, Crane & Co., Inc., Dalton, Mass.; 
Klagges, Hans (Direktor), Feldmiihle, Papier- und Zellstoffwerke 
Aktiengesellschaft, Diisseldorf-Oberkassel, Burggrafenstr. 7, 
Germany; Koponen, Kai Olavi, Wartsili-koncernen A/B, Mas- 
kin och Bro, Paper and Pulp Machinery Dept., Helsingfors, Fin- 
land; Kruger, I. (Professor), Research Director, Cartiera Vita 
Mayer & C., Sezione Ricerche Scientifiche, Via Monte Gener- 
oso 37, Milano, Italy; Kuhlman, G. R., Production Manager, 
New Brunswick Paper Mill, Personal Products Corp., Milltown, 
N. J.; Lanyon, Charles E., John A. Manning Paper Co., Inc., 
Troy, N. Y.; Laursen, Emmett M., Research Engineer, Iowa 
Institute of Hydraulic Research, State University of Iowa, Iowa 
City, Iowa; Lennon, W. E., Technical Director, L. L. Brown 
Paper Co., Adams, Mass.; Lent, Daniel V., Alton Box Board 
Co., Alton, Ill.; Levensailor, Arthur E., Assistant Superintend- 
ent, Great Northern Paper Co., Madison, Me.; Lewis,}+ Harry 
F., The Institute of Paper Chemistry, Appleton, Wis.; Lewis, 
William D., General Superintendent, Muskingum Fiber Products 
Co., Coshocton, Ohio; Limerick,} J. McK., Research Director, 
Bathurst Power & Paper Co. Ltd., Bathurst, N. B.; Lincoln, D. 
C., General Superintendent, International Paper Co., Palmer, 
N. Y.; Lindvall, Eric, Billerud Aktiebolag, Saffle, Sweden; Lyle, 
Hubert M., Technical Asst. to Paper Mill Superintendent, Crown 
Zellerbach Corp., West Linn, Oreg.; Macdonald, R. G., Secre- 
tary, Technical Association of the Pulp and Paper Industry, 155 
HK, 44th St., New York, N. Y.; Mackin, George E., Executive 
Vice-President, Green Bay Paper & Pulp Co., Green Bay, Wis.; 
Manogue, Edward, Gibraltar Corrugated Paper Co., Inc., 8101 
Tonnelle Ave., North Bergen, N. J.; Marteny, W. W., Technical 
Director, National Container Corp. of Wisconsin, Tomahawk, 
Wis.; Martin, Harry C., Director of Research, Brown Paper Mill 
Co., Inc., Monroe, La.; Martin, R. J., Fraser Companies, Ltd., 
Kdmundston, N. B.; Martin, Wm. C., Moraine Paper Co., West 
Carrollton, Ohio; Martinek, R. W., Kimberly-Clark Corp., 
Neenah, Wis.; Max, Keith W., Asst. to Vice-President, Robert 
Gair Co., Inc., 155 E. 44th St., New York, N. Y.; McCarthy, 
Joseph L., University of Washington, Dept. of Chemistry and 
Chemical Engineering, Seattle, Wash.; McDermott, John A., 
General Superintendent, St. Regis Paper Co., Jacksonville, Fla.; 
McDonald, R. P., General Production Manager, Fibreboard Prod- 
ucts, Inc., 1789 Montgomery St., San Francisco, Calif.; McLean, 
N. G., Chief Engineer, Finch, Pruyn and Co., Inc., Glens Falls, 
N. Y.; McPherson, W. H., Research Manager, Minnesota and 
Ontario Paper Co., International Falls, Minn.; Meunier, Roy A., 
Mill Superintendent, Morris Paper Mills, Morris, IIl.; Mitchell, 
Wm. A. J., President, Central States Engineering, Inc., 128 N. 
Oneida St., Appleton, Wis.; Montigny, R. de, Technical Director, 
The E. B. Eddy Co., Hull, Que.; Montmorency, W. H. de, Pulp 
and Paper Research Institute of Canada, 3420 University St., 
Montreal, Que.; Moore, John, Union Bag & Paper Corp., Box 
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B. Steenberg, Swedish Forest Products Research Labora- 


tory; L. Nordman, Central Laboratory of the Finnish 

Pulp and Paper Industries; G. F. Underhay, Bowaters 

Development and Research Ltd.; H. F. Lewis, The Insti- 

tute of Paper Chemistry; G. H. Pringle, The Mead Corp.: 

W. Steele, The Institute of Paper Chemistry; and R. de 
Montigny, E. B. Eddy Co. Ltd. 


570, Savannah, Ga.; Moore, L. A., Asst. Chief Engineer, The 
Black-Clawson Co., Hamilton, Ohio; 


G. D., Vice-President and General Manager, Combined Locks 
Paper Co., Combined Locks, Wis.; Murphy, J. A., Kimberly- 
Clark Corp., Neenah, Wis.; Murto, Jaakko O., Metex, Coopera- 
tive Corp., Bulevardi 5, Helsinki, Finland; Nesbitt, W. P., Pro- 
duction Manager, Howard Smith Paper Mills, Cornwall Div., 
Cornwall, Ont.; Nichols, F. A., Paper Mill Superintendent, 
Spruce Falls Power & Paper Co., Ltd., Kapuskasing, Ont.; Nie- 


meyer, D. D., Asst. Resident Manager, Cornell Paperboard Prod- | 


ucts Co., Cornell, Wis.; Nilsen, Roy I., Manager of Paper Manu- 
facturing, The Northwest Paper Co., Cloquet, Minn.; Olmstead, 
Edwin H., The Haton-Dikeman Co., Mt. Holly Springs, Pa.; 
Parkinson, Leonard, Rhinelander Paper Co., Rhinelander, Wis.; 
Paterson, H. A., Asst. General Superintendent, Mersey Paper 
Co., Ltd., Liverpool, N.8.; Patterson, R. F., Technical Director, 
Powell River Co. Ltd., Powell River, B. C.; Payne, Charles F., 
Hastman Kodak Co., Rochester, N. Y.; Pringle, Geo. H., Pres- 
ident of TAPPI, c/o The Mead Corp., Chillicothe, Ohio; Pyle, 
C. J., Asst. Chief Engineer, The Pusey and Jones Corp., Wilming- 
ton, Del.; Reif, Myles W., Blandin Paper Co., Grand Rapids, 
Minn.; Renegar, Glen, Mill Superintendent, Container Corp. of 
America, Philadelphia, Pa.; Richardson, William S., Assistant 
Foreman, Paper Machines, 8. D. Warren Co., Cumberland Mills, 
Me.; Robertson, J. H., Research Chemist, Howard Smith Paper 


Mills Ltd., Cornwall, Ont.; Robinson, Robert D., Paterson | 
Parchment Paper Co., Bristol, Pa.; Ross, Edward N., Lee Paper | 
Co., Vicksburg, Mich.; Rusch, Robert D., Mosinee Paper Mills | 


Co., Mosinee, Wis.; Sceiford, Robert J., Paper Mill Engineer, 
Hammermill Paper Co., Erie, Pa.; Schnaufer, Martin, Scott 
Paper Co., Detroit Div., 9125 W. Jefferson Ave., Detroit, Mich.; 
Schnorbach, W. L., Technical and Engineering Manager, 
American Box Board Co., Filer City, Mich.; Schur, Milton O., 
Manager, Research and Development, Ecusta Paper Corp., 
Pisgah Forest, N. C.; Seidl, R. J., Chemical Engineer, Forest 
Products Laboratory, Madison, Wis.; Sheets, George H., Assist- 
ant to Division Manager, The Mead Corp., Kingsport, Tenn.; 
Shick, P. E., The Mead Corp., Chillicothe, Ohio; Shoudy, C. A., 
West Virginia Pulp & Paper Co., Charleston, S. C.; Shoumatoff, 
Nicholas, Process Engineer, West Virginia Pulp & Paper Co., 
230 Park Ave., New York N. Y.; Silvernail, Curtis, International 
Paper Co., Southern Kraft Div., Mobile, Ala.; Smith, James A., 
The Rotareaed Corp., Bronxville, N. Y.; Spalding, John, Mara- 
thon Corp., Menasha, Wis.; Sproull, Reavis C., Director, Herty 
Foundation, Savannah, Ga.; Stafford, I. J., Vice-President, 
Neenah Paper Co., Neenah, Wis.; Stephenson, J. N., 
Editor-in-Chief, Pulp & Paper Magazine of Canada, Garden- 
vale, Que.; Stephenson, Wayne D., Technical Director, 
The D, M. Bare Paper Co., Roaring Spring, Pa.; Sterns, 
R. W., Development Engineer, Abitibi Power & Paper 


Co., Ltd., Toronto, Ont.; Stine, William H., Research Engi- * 


neer, The Champion Paper & Fibre Co., Hamilton, Ohio; 
Sundstrém, Lars, Kymmene Ab, Kuusankoski, Finland; Suter, 
A., General Superintendent, Gaylord Container Corp., Pulp and 


Paper Mill Div., Bogalusa, La.; Sutphin, Samuel R., Executive | 
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Morin, L. J., Consolidated | 
Paper Corp. Ltd., Three Rivers, Que.; Moss, L. A., Miil Mana- | 
ger, Whiting-Plover Paper Co., Stevens Point, Wis.; Muggleton, | 
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Improved printing surfaces, grease resistance 
and paper strength are all possible with 
“Elvanol” polyvinyl alcohol. Sizing paper- 
board with ‘‘Elvanol’’ produces a smooth, 
uniform finish that is ideal for gloss printing. 
Penetration of oil, ink, or lacquer is held to 
a minimum. 

Excellent grease resistance for papers is 
obtained by a simple surface sizing with 
“Elvanol’’—while a coating of this water- 
soluble resin will effectively greaseproof pa- 
pers and boxboards. ‘“‘Elvanol” adheres well 
and producessurfaces which are non-blocking. 

You’ll find that it takes only asmall amount 
of ‘“Elvanol” to improve strength, tear and 
erasure resistance of a wide variety of com- 
mercial papers—including bond, index and 
ledger. ‘“Elvanol’”’ is easy to prepare and ap- 
ply and can be modified with extenders, 
resins, plasticizers and insolubilizing agents. 
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“Elvacet’’ polyvinyl acetate emulsion is also 
useful in greaseproofing and strengthening 
paper products. In addition, “Elvacet”’ coat- 
ings can be heat-sealed, permitting grease- 
proof bags and cartons to be made without 
adhesives. 

Water dispersed ‘‘Elvacet”’ has also found 
profitable application as a binder and vehicle 
in decorative and protective pigmented coat- 
ings on paper, wallboard and acoustical tile. 
“Elvacet’’ keeps down surface fibers and pro- 
vides excellent hold-out for top coats. 

You are under no obligation when you in- 
vestigate the possibilities of “Elvanol’ and 
“Blvacet’’ for your paper products. We invite 
your inquiry and will be glad to assist you in 
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Nemours & Co. (Inc.), Electrochemicals 
Department, Wilmington 98, Delaware. 
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The panel at the Wednesday session of the Fundamental 
Research Conference 


Vice-President, The Beveridge Paper Co., Indianapolis, Ind.; 
Swanson, John W., The Institute of Paper Chemistry, Appleton, 
Wis.; Tate, J. H., Howard Paper Mills, Inc., Aetna Paper Co. 
Diy., 115 Columbia St., Dayton, Ohio; Theller, H. W., Crown 
Zellerbach Corp., Camas, Wash.; Thiesmeyer, L. R., President, 
Pulp and Paper Research Institute of Canada, 3420 University 
St., Montreal, Que.; Thoma, Paul, Time Inc., Springdale Labora- 
tories, 835 Hope St., Springdale, Conn.; Titus, Harold, Brown 
Co., Berlin, N. H.; Upson, J. J., Executive Vice-President, The 
Upson Co., Lockport, N. Y.; Urquhart, H., Assistant Manager, 
Powell River Co. Ltd., Powell River, B. C.; Vardeman, Herman 
C., Southland Paper Mills, Inc., Lufkin, Tex.; Walker, O. J., 
Development Hngineer, Anglo-Canadian Pulp and Paper Mills, 
Ltd., Quebec, Que.; Watson, Ian, Technical Asst. to Paper Mill 
Superintendent, Mosinee Paper Mills Co., Mosinee, Wis.; Wat- 
son, William, The New Haven Board & Carton Co., New Haven, 
Conn.; Watters, V. C., Superintendent, Knowlton Brothers, 
Inc., Watertown, N. Y.; White, William L., Production Mana- 
ger, International Paper Co., Tonawanda, N. Y.; Whisler, Ro- 
land C., Schmidt & Ault Paper Co., York, Pa.; Wilder, Lambert, 
Continental Paper Co., Ridgefield Park, N. J.; Williams, 8. C. 
Chief Engineer, Paper Div., Dominion Engineering Co. Ltd., 
Montreal, Que.; Wilson, Albert, Pulp & Paper, 1791 Howard 
St., Chicago, Ill.; Wood, Bemis P., Strathmore Paper Co., West 
Springfield, Mass.; Youngchild, C. E., C. E. Youngchild Con- 
sulting Co., Appleton, Wis.; Zellers, F. L., Mill Manager, The 
Chillicothe Paper Co., Chillicothe, Ohio. 


Symposium AuprIrorRs 


Adrian, Alan P., Operations Manager, Neenah Paper Co., 
Neenah, Wis.; Boedeker, R. E., Container Corp. of America, 
California Container Corp. Div., 2001 E. 57th St., Los Angeles, 
Calif.; Boggess, W. Doyle, The Beveridge Paper Co., Indianap- 
olis, Ind.; Bohlig, Edward L., Linter Sheeting Supervisor, 
Hercules Powder Co., Virginia Cellulose Dept., Hopewell, Va.; 
Brown, J. S., Production Manager, Marinette Paper Co., Mar- 
inette, Wis.; Burton, J. O., Minnesota and Ontario Paper Co., 
500 Baker Arcade Bldg., Minneapolis, Minn.; Calott, Peter, Proc- 
ess Engineer, Wausau Paper Mills Co., Brokaw, Wis.; Chilson, 
W. A., The Champion Paper & Fibre Co., Hamilton, Ohio; Chris- 
tian, N. H. (alternates Joe H. Smart, R. J. Vechinski), Superintend- 
ent of Manufacturing, Nekoosa-Edwards Paper Co., Port Ed- 
wards, Wis.; Church, 8S. E., State University of New York, 
College of Forestry, Syracuse, N. Y.; Conner, H. B., Asst. to 
General Superintendent, Oxford Paper Co., Rumford, Me.; 
Curtis, Donald W., Beloit Iron Works, Beloit, Wis.; Dlesk, 
George, American Box Board Co., Filer City, Mich.; Elias, Rob- 
ert T., Associate Professor of Paper Technology, Western Michi- 
gan College of Education, Kalamazoo, Mich.; Ericks, W. P., 
Director of Research, The Upson Co., Lockport, N. Y.; Fahey, 
Donald J., Physicist, Forest Products Laboratory, Madison, 
Wis.; Fisher, R. E., Director of Research, Time Inc., Springdale 
Laboratories, 835 Hope St., Springdale, Conn.; Fredriksson, 8. 
L., Engineer, Henry Pratt Co., 2222 S. Halsted St., Chicago, Ill: 
Freuler, Fred H., Project Engineer, West Virginia Pulp & Paper 
Co., 230 Park Ave., New York, N. Y.; Guthrie, William E., 
Development Engineer, Eastman Kodak Co., Paper Service 
Dept., Rochester, N. Y.; Hoeft, J. E., Superintendent of Power, 
National Container Corp., Tomahawk, Wis.; Hunt, Kenneth EIR 
Technical Director, West Virginia Pulp & Paper Co., Williams- 
burg, Pa.; Huppler, J. J., Kimberly-Clark Corp., Neenah, Wis.; 
Kavanaugh, E. P., The New Haven Board & Carton Co., New 
Haven, Conn.; Keesey, Horace, II, Schmidt & Ault Paper Co., 
York, Pa.; Kennedy, R. J. (alternates John Kay, John Hyatt), 
Rhinelander Paper Co., Rhinelander, Wis.; Kuemmerling, Otto, 
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General Superintendent, Wausau Paper Mills Co., Brokaw, Wis. ; 
Lowe, ten A., Sales Production Manager, The Sandy Hill Iron 
& Brass Works, Hudson Falls, N. Y.; Marra, William H., Re- } 
search Chemist, $8. D. Warren Co., Cumberland Mills, Me.; Nel- 
son, Ralph, Technical Director, Fox River Paper Corp., Apple- 
ton, Wis.; Nicholl, C. I. H., Assistant Research Officer, Ottawa, 
Ont.; Orcutt, E. L., Assistant Paper Mill Superintendent, Na- 
tional Container Corp., Tomahawk, Wis.; Osborn, R. V., Tech- 
nical Director, Finch, Pruyn and Co., Inc., Glens Falls, N. Y.; 
Osborne, F. H., C. H. Dexter and Sons, Windsor Locks, Conn,; 
Petzold, H. P., Mill Manager, Oxford Miami Paper Co., West 
Carrollton, Ohio; Prentiss, G. E., Asst. Superintendent, Machine 
Coated Div., Oxford Paper Co., Rumford, Me.; Ralston, Glenn, 
Asst. Mill Superintendent, Container Corp. of America, P.O. 
Box 748, Fernandina Beach, Fla.; Ratliff, Francis T., Personal 
Products Corp., Milltown, N. J.; Ringwood, R. L., Sales Engi- 
neer, Henry Pratt Co., 22228. Halsted St., Chicago, IIL; Roslund, 
John V., Sales Representative, Downingtown Manufacturing | 
Co., Portland, Ore.; Schlafge, W. H., Minnesota and Ontario 
Paper Co., International Falls, Minn.; Sigvardt, C. M. (alter- 
nate E. G. Gremban), General Superintendent, Nekoosa-Edwards } 
Paper Co., Port Edwards, Wis.; Smith, Lester J., Production 
Manager, St. Regis Paper Co., Deferiet, N. Y.; Snyder, John, 
Project Engineer, Congoleum-Nairn, Inc., Cedarhurst, Md.; So- 
lari, Robert J., Forest Products Laboratory, Madison, Wis.; 
Spencer, Harry S., Mill Manager, Howard Smith Paper Mills } 
Beauharnois (Montreal), Que.; Stevens, R. H., Herty Foundation, 
Savannah, Ga.; Stinger, W. I. (alternates Richard Roberts, L. 8. | 
Sabatke), Marathon Corp., Central Research, Rothschild, Wis.; 
Taylor, I. L., Scott Paper Co., Detroit Div., Detroit, Mich.; Tip- | 
ka, Vernon L., Vice-President and General Manager, St. Law- 
rence Paper Co., Norfolk, N. Y.; Trittin, Carola, Technical Di- 
rector, Ward Paper Co., Merrill, Wis.; Tucker, L. B., Crane & § 
Co., Inc., Dalton, Mass.; Vogt, Reinhold A., Combined Locks 
Paper Co., Combined Locks, Wis.; Walker, J. T., Asst. to Vice- | 
President, West Virginia Pulp & Paper Co., Charleston, S. C.; 
Webber, Roy P., II, Development Engineer, West Virginia Pulp 
& Paper Co., Charleston, 8. C.; Westbrook, U. J., Manager of | 
Production, St. Regis Paper Co., Pensacola, Fla.; Yundt, Albert | 
P., Technical Director, Camp Manufacturing Co., Franklin, | 
Va.; Zigmund, Harold, Assistant to General Manager, Blandin 
Paper Co., Grand Rapids, Minn. 


Alkaline Pulping Conference 


The Alkaline Pulping Conference was held at the Dinkler- 
Tutwiler Hotel, Birmingham, Ala., on Oct. 6-8, 1954. Two } 
hundred fifty-seven men registered. Malcolm B. Pineo of 
the Brunswick Pulp & Paper Co., Brunswick, Ga., was chair- 
man of the Alkaline Pulping Committee which sponsored 
the meeting. The technical program was organized by H. Y. | 
Charbonnier of the Union Bag & Paper Corp., Savannah, Ga. 


The local arrangements committee consisted of George L. 
Clark and Robert R. Fuller, co-chairmen, David A. Jones, | 
Dimp Watkins, Philip A. Bachelder, Norman Le Maistre, 
Clyde Reaves, Henry Goodrich, C. L. Slaton, and Robert 
Kindl. R. A. Davis of the Chicago Bridge & Iron Co., and i 
Al Clayton of the Mason-Neilan Regulator Co. were in charge | 
of registration. 

The local advisory committee consisted of A. G. Wakeman. 
Coosa River Newsprint Co., J. W. Warner, Gulf States Paper 
Co., George Rust, Rust Engineering Co., and Robert Brown, | 
University of Alabama. | 


In subsequent issues of Tappi the papers presented at the 
conference and other details will be published. 


The two luncheons were featured by addresses by J. Ws 
Warner, executive vice-president of the Gulf States Paper Co. 
and by Boon Lert, a leprosy missionary of Thailand. The 
conference members were guests of the Coosa River Newsprint | 
Co. and the Gulf States Paper Co. during a hospitality hour. 
The ladies attending the conference were the guests of the 
Rust Engineering Co. for luncheons at the Downtown Club 
and The Club, a tea at the Vestavia Country Club, tours of 
the residential section of Birmingham, Red Mountain, and’ 
the Fairfield Steel Works. 

The technical program follows: 


K. D. Running of the Halifax Paper Co., Roanoke Rapids, | 
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N. C., was chairman of the Wednesday morning session. 
The following papers were presented : 


1. “Correlation Between Lignin Content and Chlorine 
Number of High Yield Kraft Pulps,”’ by E. L. Keller, 
Forest Products Laboratory, Madison, Wis., and 
Peter B. Borlew, National Container Corp., Jackson- 
ville, Fla. 

2. “Utilization of Kraft Knotter Rejects,” by R. E. Millar, 
J. J. Owen, Jr., and J. M. Piette, Union Bag & Paper 
Corp., Savannah, Ga. 

3. “Sulphidity in Southern Pine Kraft Pulp,” by K. G. 
Chesley and P. L. Gilmont, The Crossett Co., Crossett, 
Ark. 

4. “Direct vs. Indirect Cooking for Pine and Hardwood 

Kraft Pulps,”’ by Owen Hunter and Hansel Wade, 

Brunswick Pulp & Paper Co., Brunswick, Ga. 

“The Oxidation of Sulphate Black Liquor and Re- 

lated Problems,” by T. T. Collins, Jr., National Con- 

tainer Corp., Jacksonville, Fla. 


J. McK. Limerick of the Bathurst Power & Paper Co., 
Ltd., Bathurst, N. B., presided at the afternoon session. 
The following papers were presented : 


Or 


1. “Interpretation of Cooking Charts from Direct 
Steamed Digesters,”’ by John Morris, Armstrong 
College, Savannah, Ga. 

2. “Instrumentation in the Cooking Process,” by Joseph 
F. Keyes, North Carolina Pulp Co., Plymouth, N. C. 


Mr. Limerick also presided at a panel discussion dealing 
with “High Yield.” Other members of the panel were Wil- 
liam B. Simmons, St. Joe Paper Co., Port St. Joe, Fla.; 
G. H. Whiteside, Container Corp. of America, Fernandina, 
Fla.; David Weatherhorn, Southern Paperboard Corp., 
Port Wentworth, Ga.; and L. M. Sutherland, Sutherland 
Refiner Corp., Trenton, N. J. Among the subjects discussed 
were cooking, refining for high yield, washing high yield 
pulps, and properties and characteristics of high yield pulps. 

K. G. Chesley of the Crossett Co., Crossett, Ark., presided 
at the Thursday morning session. The following papers 
were presented: 


1. “Modified Permanganate Number for Partially 
Bleached Pulps,” by Charles 8S. Benz, Scott Paper Co., 
Chester, Pa. 

2. “Reuse of Knots and Shives for Bleached Kraft,” by 
Albert L. Wiley, Riegel Carolina Corp., Acme, N. C. 

3. “Instrumentation in Bleaching of Kraft Pulp,” by 
A. P. Yundt, Camp Manufacturing Co., Franklin, Va. 

4. “Preliminary Investigation of the Alkaline Pulping of 
Bamboo,” by R. C. Sproull, Herty Foundation Labora- 
tory, Savannah, Ga. 


_ 4H. Y. Charbonnier of the Union Bag & Paper Corp., 
Savannah, Ga., presided at the afternoon session. The fol- 
lowing papers were presented: 
1. “Rapid Cycle Digesters,” by L. E. Eberhardt, The 
Bauer Bros. Co., Springfield Ohio. 


2. “Kraft Pulping and Bleaching of Some Southern 
Hardwoods,” by D. J. MacLaurin and J. R. Peckham, 
Institute of Paper Chemistry, Appleton, Wis. 


C. W. Converse of Sprout, Waldron & Co., Muncy, Pa., 
presided as chairman of a semichemical pulping panel. The 
participants and their subjects were: 


W. J. Zimmerman, Parsons & Whittemore, Inc., New York, 
N. Y. (Wood Preparation). 


K. K. Kirven, Sonoco Products Co., Hartsville, 8. C. (Cook- 
ing in Rotary Digesters). 
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Part of the panel at the Tuesday session of the symposium, 
Fundamentals of the Paper Machine 


W. W. Marteny, National Container Corp., Tomahawk, 
Wis. (Cooking in Continuous Digesters). 

Joseph F. Keyes, North Carolina Pulp Co., Plymouth, N.} 
C. (Cooking in Vertical Digesters). 

C. W. Converse, Sprout, Waldron & Co., Muney, Pa.} 
(Refiner Feeding Systems). 

J. E. Sapp, Gaylord Container Corp., Bogalusa, La.} 
(Refining). 

A. L. Wiley, Riegel Carolina Corp., Acme, N. C. (Washing). 

D. J. MacLaurin, Institute of Paper Chemistry, Appleton, | 
Wis. (Bleaching). 

L. W. Murtfeldt, Consolidated Water Power & Paper Co., 
Wisconsin Rapids, Wis. (Corrosion in Neutral Sulphite: 
Pulping). | 


On Friday inspection tours were made of the mills of the 
Coosa River Newsprint Co., Coosa Pines, Ala., and the Gul!} 
States Paper Co., Tuscaloosa, Ala. 


Fifth Testing Conference 


of the Pulp and Paper Industry was held at the Hotel Bilt- 
more, Dayton, Ohio, on Oct. 6-8, 1954. The attendance of 
223 made this the largest testing conference to date. Dele- 
gates were present from 27 states, two provinces of Canada, 
and Finland. James P. Casey, A. E. Staley Co., Decatur, 
Ill., is general chairman of the sponsoring Testing Division of 
TAPP 


The general chairman of the conference was C. E. Brandon; 
Howard Paper Mills, Dayton, Ohio. Mr. Brandon was 
assisted by the following committee members: 


A. C. Dreshfield, Exhibits, Chicago Testing Laboratory, 
Chicago, Il. 
J. L. Clouse, Mill Visits, Oxford Miami Paper Co., West. 
Carrollton, Ohio 
P. A. Nussbaumer, Registration, Pollock Paper Corp., Middle- 
town, Ohio 
ante . Petrich, Registration, Howard Paper Mills, Inc., Dayton, 
no 
pee Banquet, National Aluminate Corp., Dayton, 
io 
Nia Banquet, Harding-Jones Paper Co., Middletown, 
io 


The technical program, which was centered around the 
theme ‘New Techniques in the Testing of Pulp and Paper 
and Their Raw Materials,’ consisted of three sessions held 
on October 7 and October 8. The entire day of October 6 
was devoted to meetings of the various committees which | 
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We'll answer a call for help...in any 
language ...if the problem involves 


products from corn. 


Contact us if you have a question or idea 
concerning corn’s application to your prod- 
uct or manufacturing process. The skilled 
specialists and latest laboratory equipment 
of our modern Corn Products Research 
Section are geared and ready to serve your 


needs, and at no cost to you. 


Anheuser-Busch, Inc., makes this service 
available because of its great interest in the 
future research and development of new 
corn derivatives for Industry, Medicine and 


the Home. 


Address all inquiries to: 


ANHEUSER-BUSCH. INC. 
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ST. LOUIS, MO. 
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A, J. Winchester, TAPPI; C. P. Spring, National Container 
Corp.; C. A. Bicking, Office of Chief of Ordnance; K. H. 
Williams, Mid-States Gummed Paper Co.;_ A. R. Ewing, 
Bemis Bros. Bag Co.; J. P. Casey, A. E. Staley Co.; D. H. 
Newcomb, Riegel Paper Co.; Milton Yezek, General Foods 
Corp.; W. H. Aiken, Gardner Board & Carton Co.; A. S. 
O’Brien, Eastman Kodak Co.; F. E. Caskey, Morden 
Machine Co.; and C. E. Brandon, Howard Paper Mills 


comprise the Testing Division of TAPPI. Meetings of the 
following committees were held: 


Microscopy—C. E. Brandon, Howard Paper Mills, Dayton, 
Ohio, Chairman 

Pulp Testing—F. E. Caskey, Morden Machine Co., Portland, 
Ore, Chairman 

Paper Testing—D. H. Newcomb, Riegel Paper Co., Riegel 
Ridge, N. J., Chairman 

Container Testing—Milton Yezek, General Foods Corp. 

Wax Testing—G. C. Borden, Riegel Paper Co., Hughesville, 
N. J., Chairman 

Chemical Methods—A. 8S. O’Brien, Eastman Koak Co., 
Rochester, N. Y., Chairman 

Nonfibrous Material Testing —K. H. Williams, Mid-States 
Gummed Paper Co., Chicago, Il. 


The papers presented during the technical sessions are out- 
lined briefly in the following account, and will be published 
in full in a future issue of Tappt. 

Features of the conference also included the official ban- 
quet on Thursday evening, October 7, a reception at which 
refreshments were offered by suppliers to the industry, 
visits to plants in the Dayton area, and exhibits of new de- 
vices for the testing of pulp and paper and their raw materials. 
The official banquet was held jointly with the Ohio Section of 
TAPPI and with the Ohio Valley District of ASTM. 


Technical Sessions 


On Thursday, October 7, ‘Paper Testing” was the subject 
of the morning session, held under the chairmanship of D. H. 
Newcomb, chairman of the TAPPI Paper Testing Committee. 

“Methods for Measuring the Stiffness of Paper” was the 
subject of the first paper by T. W. Lashof and R. B. Hobbs 
of the National Bureau of Standards, Washington, D. C. 
The paper was presented by Mr. Lashof, who defined stiffness 
as the word is applied to various “‘stiffness”’ testers, discussed 
several of the latter, and described their principles of opera- 
tion. He described the Carson-Worthington (NBS) stiffness 
tester in some detail, including two recent models which ex- 
tend the range of the original tester. 

In the Carson-Worthington tester the specimen in the form 
of a rectangular strip is held at a cantilever in a vertical plane. 
The ‘‘clamped end” of the cantilever is caused to turn about 
a vertical ‘torque axis,” and the bending moment is measured 
as the torque in two lengths of piano wire, between which 
the clamp at the clamped end is suspended. The ‘‘free end”’ 
of the cantilever is supported by a second clamp and is re- 
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strained from rotating about the torque axis but is otherwise 
free. 

With the two new models Mr. Lashof stated that the Carson- 
Worthington tester is suitable for papers from light cards to 
tissues. He discussed some difficulties encountered in testing 
very weak materials and presented data from comparative 
tests with other methods of measuring stiffness. The author 
also showed illustrations of a commercial model of the Carson- | 
Worthington stiffness tester to be manufactured by United 
States Testing, Inc. 

The second paper was by George R. Sears of The Institute } 
of Paper Chemistry, Appleton, Wis., who presented a ‘Survey 
of Recently Proposed Methods for Evaluating the Printability | 
of Paper and Paperboard.” In opening this discussion of | 
printability, Mr. Sears noted the scope of the term printa- 
bility and emphasized it by quoting the succinct statement of} 
G. E. Carlsson in opening the Second International Con-| 
ference of Printing Research Institutes at Stockholm in 
June, 1953, viz., “The printability of paper means, in fact, 
the suitability of paper as raw material for the printing proc- 
ess.” Mr. Sears noted further that because of the complex- 
ity of the property of printability it is sometimes said that 
the only way to judge the property is to print the paper. 

In a more restricted or perhaps more common sense, the} 
printability of paper is the property which determines a 
quality of a print on the paper. In this regard, the methods 
for evaluating printability may be divided into categories, 
i.e. (1) the making of prints and the determination of 4 
quality and (2) the measurement of the physical and physico-| 
chemical properties of paper which seem to be related 4 
printability and the attempt to correlate these results with 
the results of printing. The author pointed out the need of} 
the papermaker to have the weakness and good features of} 
his paper expressed in terms of properties over which he has} 
some degree of control in the papermaking process. The 
procedure of Eckhart and Burnett (Tappi of August, 1953)) 
provides an illustration of a procedure for making a print, 
with a laboratory proof press, and determining print quality 
In the second category of evaluating methods, the paper prop: | 
erties and smoothness, ink receptivity, and compressibilits 
were discussed. Under smoothness, the need for quantita-| 
tive means of describing the surface areas of paper whicl: 
fail to come in contact with the printing form was notec 
during reference to the Chapman smoothness tester, the air- 
leak type of smoothness testers, and “printing methods” 01 
judging smoothness of paper. Ink receptivity was considerec: 
to involve two factors: (1) the percentage of ink transferred 
from the form to the paper and (2) the absorption of ink and 


One of the technical sessions at the Fifth Testing Confer: 
ence 
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ink fluids. Absorption includes the “instantaneous” ab- 
sorption during impression and the absorption which takes 
place subsequently. Compressibility, softness, and resilience 
were discussed jointly in terms of the requirements on the 
dynamic behavior of paper. 

Third speaker of the Thursday morning session was Richard 
S. Hunter of Hunter Associates Laboratory, Falls Church, 
Va., who discussed “New Techniques in the Optical Testing 
of Paper.” Mr. Hunter statedth at in optical testing of 
papers and paper materials, progress has been fairly steady 
but undramatie for the past several years. Progress has 
been slow because of the need to combine the talents of paper 
technologists knowing the problems to be solved with those 
of optical and electronic engineers knowing the capabilities 
of instrumentation. 

Probably the major new development in the optical line 
has been the Chapman smoothness tester which measures 
percentage area of a sheet of paper in contact with a flat 
glass block held against it with a pressure typical of printing- 
press operation. Although this new instrument was first 
described in 1947, its fields of application are still undergoing 
development. 

The appearances of both printed and nonprinted papers 
are always complex combinations of many different factors. 
The experienced human eye is surprisingly agile in its ability 
to recognize differences in appearances and relate them to 
features of the ingredients and processing with which it is 
familiar. Instruments can usually be developed to measure 
specific attributes that can be seen, but the job of integrating 
over-all appearance seems too complex for instrumentation, 
even with its rapid strides of recent years. 

For color measurements, at least two new instruments 
have been announced recently: the Colormaster Differential 
Colorimeter, developed at the du Pont Engineering Ex- 
periment Station, and the Davis-Bruning Colorimeter, 
developed at the H. B. Davis Paine Co. in Baltimore, Md. 
An intensive program for the development of improved 
methods to measure small color differences is under way in 
ASTM Committee D-1. When adequately standardized, 
these methods should find increasing use for measurements of 
fading and color tolerance. 

In the field of gloss measurement, there are now several 
recorders for supercalender stacks. Under development are 
similar devices for even glossier waxed, lacquered, and cast- 
coated papers. Recently, a multiangle laboratory gloss- 
meter was developed by the author to perform all the older 
gloss tests as well as the special new ones for high gloss papers. 
In another application of gloss measurements, the change with 


E. F. Barker, Oxford Miami Paper Co.; J. J. Kelsch, Inter- 
chemical Corp.; C. E. Brandon, Howard Paper Mills; and 
R. P. Stoll, Eastman Kodak Co. 


82 A 


T. W. Lashof, National Bureau of Standards; G. R. Sears, | 
The Institute of Paper Chemistry; R.S. Hunter, Hunter | 
Associates Laboratory; W. J. Wilt, Sheffield Corp.; L. 
Nordman, Research Institute of the Finnish Pulp and | 
Paper Industries; and D. H. Newcomb, Riegel Paper Co. 


time of gloss of a film of oil on paper was used to rate ink | 
permeability of the paper. Gloss is sensitive to surface con- 
dition and can doubtless be used for other analyses of surface | 
phenomena. 

‘Air Gages for Measuring the Porosity and Smoothness of |) 
Paper” was the subject of the next paper by N. Emmons | 
and W. J. Wilt, Sheffield Corp., Dayton, Ohio. The paper 
was presented by Mr. Wilt, who outlined a new approach to 
the problems of the measurement of air resistance and smooth- 
ness of paper. The author described two new instruments 
both of which utilize a rotometer type of air gage known com- 
mercially as the Precisionaire. This air gage instantly in- 
dicates the rate of air flow through the gaging instrument to 
which it is attached, and is calibrated to give readings in 
units of smoothness or air permeability as the case may be. 

The smoothness tester uses a steel gaging head which rests 
on the surface of the paper under test. The under side of 
the sample is supported by a piece of smooth plate glass. } 
Low pressure air is fed into an annular groove in the head, } 
and the air gage indicates the rate of air escapement between 
the surface of the paper and the gaging head. Rough papers 
cause a greater air flow, and consequently a higher reading } 
on the air gage than is caused by smooth papers. 

The air resistance gage known as a Porosimeter, utilizes | 
the air gage to measure the rate of flow of air through a test }| 
sample of paper. The test sample is clamped between the 
gage heads by means of a quick acting fixture, and air under 
a pressure of 10 p.s.i. is brought against the underside of the| 
paper. The air escapes through the paper, and through 
measuring orifices in the upper head. 

The scales are graduated in such a manner that perfect; 
smoothness or absolute imperviousness to air passage 1s 
shown by a zero reading, with increasing numbers indicating 
greater roughness or porosity as the case may be. 

Both of the gages give direct and instantaneous readings, 
no timing being involved. The readings remain in view as 
long as the test sample remains in place, and the test samples} 
may be as large as 11 by 11 in. 

The final paper of the Thursday morning session was given 
by L. Nordman of the Research Institute of the Finnish 
Pulp and Paper Industries, Helsinki, Finland, who discussed 
“The Breaking of Bonds During the Tensile Test.’? Mr: 
Nordman had used optical methods to test the hypothesis} 
that bonds are broken in a strip of paper subjected to strain’ 
at prerupture loads. Light scattering occurs only from the} 
so-called free surface area of the paper. If bonds are broken 
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Semi-dry chips fiberized in 


6 Bauer Refiners at 


Coos Bay Lumber Co. 


Shown in the photograph are three of the six Bauer No. 400 Refiners in 
the hardboard plant of Coos Bay Lumber Co., Coos Bay, Ore. 

Chips from log centers and veneer trimmings are steamed for 5 to 20 
minutes. From the cookers the semi-dry chips are distributed to the Bauer 
Refiners, each of which has two separately powered discs rotating in op- 
posite directions. 


By the action of the plates, the mate- 
rial is rolled, rubbed and squeezed until 
the fibers are separated. This tends to 
make the fibers more slender without 
being shortened, for the Bauer Refiner 
essentially is not a cutting machine. 

Of course, everyone in the pulp and 
paper industry recognizes the difference 
between the fiberizing of semi-dry chips 
and the refining of pulp slurry at 4% to 
5% fluid consistency. Yet Bauer Refiners 
/ ' i 7 are used with equal success for both 

| oo oem - La = processes, proving their adaptability and 

versatility. This explains why these Bauer 
machines are the most widely used disc 
refiners. 

Further information on our refiners, both single and double revolving 
disc types, will be gladly furnished. You are invited to ask for our literature. 
Remember, too, that our research laboratory is available for testing the 
fiberizing, refining, reduction, or mullen development of any material in 
which you are interested. 


Sectional view of Baver No. 400 Refiner 


THE BAUER BROS. CO. 


1715 Sheridan Avenue * Springfield, Ohio 
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Anderson, Ind.; Baltimore, Md.; Buffalo, N.Y.; 
Chester, Pa.; Jeffersonville, Ind.; Kansas City, 
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N silicate is shipped in tank cars or 55 gallon 
metal drums. 


® 
call PQ for silicate service. 
FREE publications of interest to the paper industry: 


e "Silicate of Soda in Paper Making”... Bulletin No. 6-1] 


e@ “Sorption of Sodium Silicate and Silica Sols by Cellulose 
Fibres” ...No. 17-27 


“Coating Paper with PQ Sodium Silicate’... Bulletin 
No. 15-1 


“Treatment of Raw and Waste Waters with PQ Silicates” 
... Bulletin No. 52-19 


"Stixso Adhesive Processes for Quality Corrugated 
Paper Board”... Bulletin No. 12-21 


PHILADELPHIA QUARTZ COMPANY 
1141 Public Ledger Building, Philadelphia 6, Penna. 
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ina tensile test this would lead to an increase in the free sur-| 
face area of the paper and thus to an increase in light scatter- 
ing. Mr. Nordman had verified this in a series of tests where 
paper strips were strained directly over the aperture of a 
sensitive reflection meter. By means of graphs representing 
different straining cycles Mr. Nordman showed that bonds 
are broken during the straining cycles and that the breaking 
of bonds is an irreversible process. 

In relaxation tests the author found that time is a factor in 
the bond breaking. The rate of breaking of bonds differs 
in different parts of the test strip, indicating the importance} 
of stress distribution. In quantitative tests it was found 
that the breaking of bonds is related to the amount of energy 
consumed in the straining cycle. 

Mr. Nordman reported that the experimental evidence} 
gathered supports the hypothesis that microbreaks occur} 
all over the test strip even at prerupture loads. 


Microscopy Session 

The first afternoon session on Thursday, October 7, was 
devoted to Microscopy, under the chairmanship of C.K. 
Brandon, chairman of the TAPPI Microscopy Committee. 

J. J. Kelsch, Interchemical Corp. Research Laboratories, 
New York, N. Y., presented the first paper titled “Micros 
copy of Ink-Paper Relationships.” 

Mr. Kelsch discussed methods of preparing paper samples 


and for surface examination. The author described im 
detail a method of embedding in vegetable gum which is 
particularly applicable to very thin papers, and showed slides 
of the results of this method illustrating how it may be used) 
to study ink penetration. | 

Describing a technique for the study of a paper surface by) 
means of vertical dark-field illumination, Mr. Kelsch showed 
illustrations of the use of this technique to study ink bleed} 
and the attitude of the ink on both coated and uncoated 
stock. 

“Cross Sectioning of Paper Products” was the subject 0} 
the second paper by R. P. Stoll, Eastman Kodak Co., Roch- 
ester, N. Y. Mr. Stoll pointed out that cross-sectionin; 
techniques frequently yield valuable information to a micros: 
copist on a great variety of paper products. In addition t« 
the classical method for cutting cross sections by embeddins 
the sample in a paraffin block there are several other rapic} 
procedures which can be employed to attain the same end: 
It is possible to use a nonembedding sectioning technique inj 
which a paper is glued to a rigid base and then clamped in} 
special jaws and cross-sectioned without a paraffin block. | 
Free hand cross sections are extremely valuable for handling} 


Dinner group at the Fifth Testing Conference 
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-a variety of problems. A large number of laminated papers 
‘ean be handled conveniently by this technique. 
' Cross sectioning is ordinarily used to obtain information on 
/ coatings and adhesive layers, or the thickness of various coat- 
) ings or layers, rather than to obtain information on the stock 
itself. Occasionally, however, information is requested on 
the stock and a cross section can be cut provided the stock is 
| first impregnated with the material to hold it together. With- 
out an impregnating agent the cross section would disintegrate 
and yield no information on the stock. 

When several slightly different samples are to be compared 
/ ina cross section, for example, as to the thickness of pigmented 
) layers, it is possible to cut a sandwich cross section in which 
all the samples to be compared are cross sectioned in one 
| operation. They are likewise photographed on one negative 
,and analyzed using one print. This eliminates thickness 
' variations as well as photographing and 


make the microscope more valuable to the respondent were 
registered. The most striking feature of these was that 
the information desired in most cases is already available, 
so that it would appear that there is a need for a clearing 
house for information on microscopy. 


Statistics Session 


A brief Statistics Session, under the chairmanship of J. P. 
Casey, Testing Division general chairman, completed the 
Thursday afternoon program. C. A. Bicking, Office of the 
Chief of Ordnance, Dept. of the Army, Washington, D. C., 
presented a paper on ‘“‘The Use of Statistics for Analysis of 
Testing Results.” Mr. Bicking suggested that there are 
two necessary properties of a good testing method, validity 
and pertinence. The determination of validity, that is, 
the precision and accuracy of the method, is almost entirely 


| processing variations and permits a 
)/more nearly valid comparison of the 
| different cross sections. 
' Some information can be obtained 
. by applying various stains to a cross 
j section, for example, starch can be 
| readily identified in a cross section. 
| Micrometry is also an important 
| phase of cross sectioning. The micros- 
| copist is frequently called upon to 
‘furnish information on the thickness 
_ of various coatings for adhesive layers. 
* This can be done readily provided the 
) proper equipment is available. All 
d cross-sectioning techniques are made 
} much more valuable if pictures can be 
/ taken and passed on to those interested. 
| Mr. Stoll described a high-speed tech- 
/ nique for photographing cross sections. 
' The third paper of the Microscopy 
»session, “Uses of the Microscope in 
) Paper Laboratories,’ by W. Landes, 
) Paper and Pulp Testing Laboratories, 
»* New York, N. Y., was read by Ernest 
FP. Barker, Oxford Miami Paper Co., 
* West Carrollton, Ohio. This paper 
+ described the results of a survey made 
‘by the TAPPI Microscopy Committee 
‘to determine in what ways microscopi- 
‘eal techniques are being used in pulp 
yand paper laboratories. Nearly 500 re- 
+ sponses indicated a great variety of uses 
’ of the microscope, many of them highly 
‘specialized. The typical paper labora- 
) tory has from one to three microscopes, 
sat least one of them binocular with 
ja mechanical stage. Many mills have 
jan oil immersion lens, a camera, pro- 
Hjector, and microtome. Less common 
accessories are micrometers and phase 
contrast and dark field equipment. 
All paper mill laboratories use the 
Ymicroscope for fiber analysis and dirt 
and speck identification. Half the mills 
%also use it for filler analysis and for the 
examination of wires, felts, and print- 
fing. Altogether, 56 different uses of 
¢the microscope were listed. 
The average paper mill does not em- 
‘ploy a full-time microscopist. Allied 
industries, however, are more likely to 
Hhave a specially trained full-time indi- 
vidual for this work. 
Many suggestions as to how the 
i Microscopy Committee could help to 
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The original masking agent for 


kraft mill odor abatement. 


Improved product design makes possible 
malodor abatement in gaseous and liquid 


effluents from sulphate operations. 


“Alamask”® and Rhodia’s experienced 
engineering section can assist the 
kraft pulp industry in its study and efforts 


to abate malodorous sulfur compounds. 


From Rhodia, Inc., New York, 
successor to E. |. duPont de Nemours 


& Co., Alamask reodorants. 


Based on your answers to 26 simple questions, our technical staff 


can tell you how Alamask will help you negate your mill 


malodors. Send for the questionnaire today. 


ts 
e@oee20000 LING Se tereteterete 
Rhodia, Inc., Industrial Reodorants (Alamask) Division e 
230 Park Avenue, New York 17, N. Y. : 
Please send the ‘“Alamask Odor Abatement Questionnaire” to: . 
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e 
COMPANY A 
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eceonoevevoevoe2e0ee2e2e20020280280808080808080808 88886 @ 
85 A 


PAPER MANUFACTURERS AND PRINTERS 
RECOMMEND THE 


% TRADEMARK 


@ TO OBTAIN A NUMERICAL RATING OF ABSORPTION 
INTO PAPER AND PAPER BOARD. 

*@ TO TEST PLAIN OR COLORED STOCK. 

@ TO GET SURE RESULTS QUICKLY 


HILLSIDE LABORATORY 


25 HOWARD AVENUF HILLSIDE, ILLINOIS 


Paprer mills 
everywhere 
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MURCO 


HIGH SPEED MULTI - KNIFE 


WASTEWOOD 
CHIPPER 


.ecause of 
PERFORMANCE 


That's the reason for 
the wide preference 
of MURCO Chippers 
by paper mills 
throughout the coun- 
try... an outstand- 
ing performance in producing more and better chips at 
less cost, paper mills know fiom operation experience 
MURCO Chippers are heavy duty machines... de- 
signed to produce better chips with less sawdust and 
fewer slivers, free from repairs, while at the same time 
having production records of 100 cords or over per 
hour. 


SIZES 


from 36 in. 
to 153 inches 


We will gladly send you complete information on 
MURCO Miulti-Knife Chippers from 36” to 153”. 
Write for it today. 


D. J. MURRAY MANUFACTURING CO. 


MANUFACTURERS SINCE 1883 
WISCONSIN 
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a statistical problem. It is a relatively complex problem 
for pulp and paper tests because the material itself is SO vari- 
able. It may never be possible to determine exactly the 
effect of instruments or test methods on the total variability 
of results. 

The author described two broad approaches to the valida- 
tion of testing methods. One is through the testing of a 
homogeneous sample in a round-robin type program. The 
other is the analysis of mill data obtained either from routine 
control testing or from special samples taken in a carefully 
designed program. The first approach is limited by the dif- 
ficulty of finding a sufficiently uniform lot from which a ran- 
dom sample may be selected from each tester. The second 
approach is limited by the fact that unless the process is “in 
control” in a statistical sense, prediction on the basis of re-| 
sults may be extremely unreliable. 

Improved testing methods and the growing awareness in| 
the industry of the advantages of understanding the source 
of variability in measurement of quality, Mr. Bicking stated, 
justify the interest of TAPPI in the analysis of testing results. 
The use of modern statistical techniques has been introduced | 
in the pulp and paper industry on a modest scale. The en-| 
couraging results in terms of economy of testing and improved 


definition of quality warrant a great deal more investigative} 
work. 


General Session 


On Friday morning, October 8, a General Session was held} 
under the chairmanship of W. H. Aiken, chairman of the} 
TAPPI Container Testing Committee. 

“Turbidity Number—A Measure of Pulp Additive Reten- 
tion” was the title of the first paper, presented by J. S. Hick- 
man, E. I. du Pont de Nemours & Co., Wilmington, Del. 

Pointing out that analysis for the amount of light scattered | 
by dispersing materials gives an accurate method for determin- | 
ing the quantity of such materials present in a water system, | 
Mr. Hickman discussed how turbidity measurements may 
be used to assist the paper chemist and manufacturer in 
studying factors affecting the retention and efficiency of 
pulp additives. Stability studies with neoprene latex hav« 
been successful using the turbidity number technique anc 
have resulted in the development of a latex dispersing system 
suitable for use as an additive to pulp slurries prepared from 
high ion content furnish water. Other problems have beer 
studied using the technique to reduce the number of variables 
necessary for more extended study in large research programs 
For example, a very rapid determination of the fiber ares 
necessary for good deposition of neoprene was possible with 
the technique, eliminating much of the time necessary for 
a determination by more conventional laboratory methods. 
The technique has promise as a routine control test in the 
mill. However, experience on this aspect is still scant and| 
it was, therefore, only possible for the author to offer some 
suggestions. 

The second paper was titled ““New Recording Fluorescence 
Size Tester” by K. W. Hardacker, W. A. Wink, and J. A| 
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| Van den Akker, The Institute of Paper Chemistry, Appleton, 
| Wis. The paper was presented by Mr. Wink who briefly de- 
scribed the fluorescence size test which was originally 
| described by Van den Akker, Nolan, Dreshfield, and Heller 
| in Paper Trade Journal tor Nov. 23, 1939. One of the out- 
| standing features of this fluorescence size test is that the 
| end point obtained with the Uranine B dye is determined 
only by the transudation of liquid water and is not influenced 
_ by the water vapor which diffuses through the sheet ahead of 
| of the liquid water front. The recently constructed model 
of a recording fluorescence size tester incorporates completely 
| automatic recording of the intensity of fluorescence versus the 
| time function. The size time is derived from the recording in 
| objective fashion and without dependence on operator judg- 
ment. The new instrument has greater sensitivity than the 
» model previously described and the sensitivity is now ade- 
/ quate for the testing of unbleached kraft papers. Inclusion 
| of a number of operational improvements has reduced the 
| operating time. Arrangements for the manufacture of this 
/ instrument have not yet been made. 

_ “The Application of Infrared and Ultraviolet Spectroscopy 
_ to Paper Problems” was the subject of the third paper of 
_ the Friday morning sessions, by A. 8. O’Brien, Eastman Ko- 
, dak Co., Rochester, N. Y. Infrared equipment with auxil- 
iary tools and trained personnel represents a very large in- 
; vestment. Therefore its application to a branch of industry 
/or any particular organization, Mr. O’Brien suggested, 
} 

| 

| 


should be studied with considerable care. The most fertile 
field for applying infrared would be in those sections of the 
* paper industry which use plastics and resins of various kinds. 
» Infrared is most apt to be applied to research and develop- 
»,ment work in this field. 

| Infrared equipment is especially valuable for qualitative 
> identification of organic compounds which are used in con- 
1} junction with sizing and converting. With the aid of in- 
i frared technique, very small quantities of pure organic 
compounds can be characterized. Infrared analysis, how- 
» ever, has definite limitations. They should be realized before 
large investments in equipment are considered. The author 
i pointed out and briefly discussed some of the limitations of 
/ infrared analysis. 

( The interpretation of infrared curves is an extremely im- 
‘portant part of an infrared program and close cooperation 
must exist between the infrared spectroscopist and those 
© synthesizing or experimenting with the chemicals being 
‘studied, such as waxes, resins, proprietary sizes, laminants 
‘transparentizing chemicals, dimensional stabilizers, etc. In 
» addition, a relatively complete library of curves is essential 
\for useful application of infrared. 

! There are some applications of infrared analysis to the field 
) of quantitative analysis. This branch of the science is under 
(rapid development and expansion. A recently developed 
»micro adapter has been applied in situations where samples 
“are extremely limited. This technique was described by 
+ Mr. O’Brien. 
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THE HANDLE-O-METER 


To measure the “handle” or “feel” of textiles, 
non-woven textiles, and tissue. 


The Handle-O-Meter is used to control purchases- 
processes. 


Simple and quick to use. 
No training required. 
No human element. 


Results reproducible between operators and _in- 
struments. 


Tests completed in 15 seconds. 


THWING-ALBERT INSTRUMENT COMPANY 


5383 Pulaski Avenue Philadelphia 44, U.S.A. 
120 


CONVERT STARCH 


1 This is a preweighed unit... eliminates weighing errors 
2 Control is flexible because of smait size tablets 


3 Convenient to use 


4 Rapidly soluble 


5 Economical — costs no more than powder 


2,000 tablets to a carton 
of 80 envelopes containing 
25 tablets each 


WALLERSTEIN COMPANY, INC. 180 MADISON AVE., NEW YORK 16 


NEW Type JP Johnson 
Joint with Syphon Elbow 


ASSEMBLY PLATE 


In the picture above you see a combination of welcome 
new ideas for the paper industry. It is built around the 
new Johnson Joint, which has been redesigned for 
lighter weight, lower cost, longer operating life. 
There’s a special assembly plate to hold internal parts 
in position when the head is removed to get at the 
syphon pipe. And the syphon elbow is new altogether. 
It permits the use of straight pipe for the syphon con- 
nections, forms a tight seal when in position, and can 
be inserted or withdrawn right through the joint body, 
in many cases while the machine is operating. 


Write For Full Details 


we 843 Wood St., Three Rivers, Michigan 


Infrared cannot usually be directly applied to the deter- 
mination of minor constituents such as 1 to 2% of an impurity 
in an organic compound. This limitation can be overcome 
by employing methods which concentrate the impurities, e.g., 
crystallization, chromatography, solvent extraction, etc. 

Spectroscopy in the ultraviolet region also has some ap- 
plications to papermaking and converting. Manual equip- 
ment is less expensive but equipment for automatic tracing, 
of curves becomes rather costly. The number of organic 
compounds containing useful absorption in the ultraviolet 
is more limited than for the infrared region. Also, interfer-| 
ence is, in many cases, a serious problem. However, in/ 
situations to which ultraviolet can be applied it is often ex-| 
tremely valuable. As opposed to infrared, ultraviolet anal- | 
ysis can often be applied to the determination of a minor| 
constituent. For example, a few tenths of a per cent of a’ 
definite impurity can often be accurately measured provided | 
it has the proper absorption and other general absorption is! 
low. In general, ultraviolet spectroscopy is a microtechnique, | 
and is often quantitative in nature. Ultraviolet spectroscopy 
is most valuable as a research and development tool, although 
special examples of control procedures have been developed | 
by various companies. 

The final paper of the Friday session was a discussion by | 
Frank E. Caskey, Morden Machine Co., Portland, Ore., of 
“TAPPI’s Proposed Standard Reference Pulp Program.”| 
Mr. Caskey stated that the fact that considerable interest has; 
been shown by many people in the past for a standard ref- 
erence pulp has led the TAPPI Pulp Testing Committee to) 
propose a program whereby 5-lb. samples of machine-dried 
bleached sulphite pulp will be available to the industry for 
reference purposes for a nominal charge. 

The author discussed possible uses for such a reference’ 
pulp, giving as example, one of many specific tests to show how 
the pulp could be used in connection with the comparison of 
the standard laboratory beater. | 


Banquet 


On Thursday evening, October 7, the official banquet was 
held in the ballroom of the Dayton-Biltmore Hotel. This 
was a joint meeting with the Ohio Section of TAPPI and the 
Ohio Valley District of ASTM. The master of ceremonie: 
was H. R. Joiner, Champion Paper and Fibre Co., chairmai 
of the Ohio Section of TAPPI. Mr. Joiner introduced officer= 
of the local TAPPI and ASTM groups, then called on J. P 
Casey, chairman of the Testing Division, who introduced the 
Testing Division committee chairmen. C. E. Brandon. 
general conference chairman, thanked the members of the 
conference committee for their efforts in preparing the con- 
ference, and A. J. Winchester, of TAPPI national staff, spoke 
on behalf of the national organization. 
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V. Perry, Harding-Jones Paper Co., Middletown, Ohio, 
/ introduced the speaker of the evening, Carl Ludeke of the 
| University of Cincinnati. Mr. Ludeke delivered a most in- 
| teresting informal address on “Atomic Energy Applied to 
| Industry.” Beginning with a discussion of the nuclear 
/ fission and fusion reactions involved in the atomic and hy- 
} drogen bombs, the speaker went on to consider the possible 
) industrial applications of nuclear energy. Cost considera- 
) tions make it appear likely that, within the foreseeable future, 
) atomic piles will be used to produce power only in regions 
| where conventional fuels are very costly due to inaccessibility. 


Plant Visits 


Friday afternoon, October 8, was devoted to visits to local 
- plants of interest, including the McCall Corp., the Sheffield 
) Corp., and the National Cash Register Co. 

; bi eee 

The gigantic printing plant of the McCall Corp. had many 
‘ features of interest to the visitors, including a double-ender 
) press capable of printing five colors on each side of a sheet 
/ running at high speed, a binder which gathers, stitches, and 
4g over 2,000,000 magazines daily, a shipping room in 
) 

i 


which the same number of magazines are wrapped, addressed, 
and mailed each day, and a pattern department where six 
offset presses turn out 33,000,000 dressmaking patterns 
annually. 

. At the Sheffield Corp. the visitors saw a modern plant for 
» the manufacture of precision gages and other instruments. 
| This company manufactures the smoothness and_ porosity 
# testing instruments discussed in the paper presented by 
Be amons and Wilt during the Thursday morning session. 

' Visitors to National Cash Register Co. were guided through 
> the company’s research division, which comprises 18 labora- 
» tories working on various phases of the company’s operations, 
5 including paper coating emulsions, paper coating, x-ray metal- 
» lurgy, metal plating, finishing, etc. 


| Exhibits 
' Throughout the conference delegates were able to view an 
J exhibit of recently developed testing devices for pulp and 
) paper and their raw materials. Space was provided near the 
» meeting rooms, and at specifted hours each day the delegates 
bj had an opportunity to discuss the equipment with manufac- 
+ turers’ representatives. 
y W. Mz. Welch Mfg. Co., Chicago, Ill., displayed the LTF 
pick tester, developed recently by the Lithographic Technical 
) Foundation, and the Densichron Reflection Densitometer, a 
/ redesigned reflection unit with improvements including better 
© elimination of stray light and outside adjustment of the optical 
ssystem. Hunter Associates Laboratory, Falls Church, Va., 
; displayed their multiangle glossmeter, an instrument having 
‘variable reflection and field angles so that it can duplicate 
the angles used in any method of gloss measurement, and can 
Beosure the gloss of very high-gloss cast-coated, lacquered, 
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IN MODERN, HIGH SPEED PRINTING 


iscosity ok is Key 


TO THE BETTER CONTROL OF 
COATING COLOR BEHAVIORS 


.g With a multipoint Brookfield 
/ Viscometer on the job, it is easy to 
check the effect of dispersant additions 
on the rheological properties of your 
starch-clay, casein or pigment-combin- 
ation colors. 

Ideal for use both in Labs and at 
points-of-process, you just flick the 
switch on your Brookfield Viscometer, 
read the dial and have your determina- 
tion directly in centipoises. 

High accuracy plus high sensitivity 
are inherent in the Brookfield principle 
of operation — direct indication 
through a calibrated spring of the 
torque on a rotating spindle. 


Brookfield Viscometers are portable and plug 
into any ac outlet, Send for fully illustrated 1954 
catalog listing all models and accessories. Also 
ask for special technical article on “Rheology of 
Paper Coatings.” Write today to Dept. T. 


rooktield 


ENGINEERING LABORATORIES, INC. 
Stoughton, Mass, 


CONSTRUCTION SERVICES FOR 


AND PAPER INDUSTRY 


If you have a problem involving any 
of the following, you can get immediate and experi- 
enced help from EBASCO engineers and consultants: 


@ Design and Construction of Pulp and Paper Mills 
@ Steam and Hydro-Electric Power Plants 

@ Power Studies 

@ Reports and Appraisals 


@ Recovery Plants, Extensions and Alterations 
For complete details on EBasco’s 


g2RS . CONST, 
various services send for ‘“The Inside Story 
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s % 
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of Outside Help.” Address Dept. P, . R AS e fi) 
.) a? 
on e* 


6 
Two Rector Street, New York 6, N. Y. ©. 
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EBASCO SERVICES 


INCORPORATED 
NEW YORK > CHICAGO «+ WASHINGTON, D.C. 
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and waxed papers. The Sheffield Porosimeter was shown in 
four-column and single-column models by Sheffield Corp., 


g Dayton, Ohio. This instrument uses a rotometer-type air 
# gage to give instantaneous porosity and smoothness readings. 
The Foxboro Co., Foxboro, Mass., displayed their beta ray | 


basis weight profiler used in the paper mill to test periodic | 
cross-machine samples, producing a strip chart showing the | 


It's chemical “Hydration” by the pound. variations in basis weight across the machine. A table 
model Instron was shown by Instron Engineering Corp., 


Power savings and other gains off-set Quincy, Mass. This instrument records stress-strain curves | 


its cost. in tension or compression in load ranges from 10 g. to 100 lb., 
using the Instron electronic load weighing system, and is a| 
smaller, lower-priced version of the Instron Universal Testing | 
Instrument. The Bendix Aviation Corp., Cincinnati, Ohio, | 


VY, to 1% on dry fibre weight added 


to furnish at very BEGINNING of re- showed their Ultra-Viscoson, an electronic computer which | 
fining cycle EFFECTIVE. 


can measure, record, and control viscosity automatically and | 
continuously. A Macbeth Executive Skylight, which pro-| 
vides filtered daylight or incandescent light for color match-. 
For details see page 235 Pulp & Paper ing, and a Macbeth Munsell Disk Colorimeter were shown by | 
é ae the Merrifield Co., Cincinnati, Ohio, who also displayed the | 
Mill Catalog, 1954-55 edition. Macbeth-Ansco Densitometer, a photoelectric color-measur- | 
ing device, and the G-5 Moisture Register for determining | 
ony 6s : ” . moisture in powdered, granular, and shredded materials. | 

#7 will speak for itself” when tried. A new PeviCISV auieebine ee manufactured by Hillside Lab- | 
How much do you need for testing? oratories, Hillside, Ill., was exhibited by Lord & Schoenberg, | 
Cleveland, Ohio, who also exhibited a new Hart Moisture | 
Meter with probe knife electrodes, and one designed for} 
measuring the moisture in a moving web. The Beckman In-} 

The BURTONITE Comp oF strument Co. displayed a pH amplifier, flow colorimeter, gland | 
Nutley 10, N. J. assembly, flow chamber assembly, and a high pressure ref- | 
erence electrode. The flow colorimeter makes continuous | 
measurement of the color of a flowing stream of liquid or gas, | 
and can also be used for turbidity measurement. Central | 


“Retler Products — Through Research" © Scientific Co., Chicago, Ill., showed the Cenco moisture’ 


balance with infrared drying for rapid moisture determina-| 
tion, and the Cenco-Ingersoll Glarimeter for gloss of paper | 

TEST ° 

Ahnaniow & r 


Tel: NUtley 2-0031 


and other nonmetallic substances. Fisher Scientific Co., New 
York, N. Y., exhibited the Spectracord, a double beam con-. 
tinuous recording unit for D.V. type monochromators, the 
Davis-Bruning colorimeter, and the Fisher titrimeter for 
automatic titration. Testing Machines, Inc., New York, 
N. Y., showed a Darmstadt instrument for initial wet strength, 
a ply adhesion attachment for use with the Hinde and Dauch 
OF PAPER & INK crush tester, a Gurley high pressure smoothness tester which 
| makes tests in 4% of the normal time and permits testing one: 
ith the TABER ABRASER | side of a single sheet, a KBB Sizing Tester which uses a 

| galvanic circuit created between a zinc plate and a sintered: 
bronze electrode. The Warren printing gage was shown by’ 


The Taber Abraser can save you 
money, prevent complaints and 


assure you of a better looking | Precision Gage & Tool Co., Dayton, Ohio. This device is: 

nt Badin gies Meee | placed in the press bed and used to print an ink film of varying | 
imhin minutes, e aber | st = : , S if r 

Cabiasel csin pradetecnine the thickness. Hygrotester, Inc., Brooklyn, N. Y., showed 
bility of your paper or printed the Hygrotester-Boy for the first time in the United States. : 

‘ink sample to withstand scuff | This is a portable instrument for measuring moisture in a 
nd abrasion. Results are easily moving web. 


: nderstood, comparisons show 
up in numerical index. Minimum 
technical experience necessary! 


TABER STIFFNESS TESTER 


You can accurately check paper 
stiffness and resilience with the 
Taber Stiffness Tester. Eight test 
ranges provide wide applica- 
tion, Readings taken DIRECTLY 
from dial. No calculations nec- 
essary! 
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Much favorable comment was received regarding the ex- 


. hibits, which provided an opportunity for testing specialists 


to examine and discuss the latest devices available in their 


field. 


TAPPI Annual Meeting 


The Fortieth Annual Meeting will take place at the Com- 
modore Hotel, New York, N. Y., Feb. 21-24, 1955. Manu- 
scripts of papers to be presented at the meeting should be in 
the hands of the Secretary by Dee. 1, 1954. 

_ The following is a preliminary program indicating the ses- 
sions planned to date: 


GENERAL SESSION 


“Facilities for Pulp and Paper Research at. Lowell Tech- 
nological Institute,’ by John Lewis, Dept. of Paper Engineer- 
ing, Lowell Technological Institute, Lowell, Mass. 

“Uses of Paper in the Geodesic Pavillion,” by Buckminster 
Fuller, Forest Hills, N. Y. 


MicrROBIOLOGICAL 


“Recent Developments in the Use of Chemical Treatments 
and Synthetic Fibers in Paper Machine Felts,” by L. M. 
Woodside, Albany Felt Co., Albany, N. Y. 


ENGINEERING 


“Basic Engineering Surveys of Steam and Electric Power 
Generation, Use, and Cost,” by J. G. Hood, John G. Hood 
& Associates, Ann Arbor, Mich. 

“Graphical Determination of Roll Deflection,” by R. C. 
Sturken and D. A. Verner, Frank W. Egan Co., Bound Brook, 
N. J. 

“Pneumatic Clutches in the Paper Mill,” by J. S. Walsh, 
Federal Fawick Corp., Cleveland, Ohio. 

“Slides of Modern Architecture in Pulp and Paper Mills,” 
by Mario C. Celli, Celli-Flynn, McKeesport, Pa. 


DEINKING 
“The Ahlfors Screen,” by F. Schorken, Oliver United 


| Filters, Inc., Oakland, Calif. 


“The Use of the Centri-Cleaner for Cleaning Deinked 


| Stock,” by J. L. Clouse, Oxford-Miami Paper Co., West 


Carrollton, Ohio, and E. Rastatter, Bauer Bros., Inc., Spring- 
field, Ohio. 

“Quality Problems in Waste Paper Consumption,” by 
Henry J. Perry, Waste Paper Utilization Council, New York, 
m. Y. 


SEMICHEMICAL PULPING 
“The Liquor to Wood Ratio as a Variable in NSSC Pulp- 


: ing,” by E. L. Keller and J. N. McGovern, Forest Products 


Laboratory, Madison, Wis. 

“Cohesive Rating in Semichemical Pulping,”’ by John 
Hart, Pulp and Paper Research Institute of Canada, Montreal 
Que. 

“The Recovery of Waste Liquors from NSCC Pulping by 


| the Sulfox Process,” by A. Pollak and R. 5. Aries, Sulfox 
im Corp., New York, N. Y. 


“A Comparison of the Action of Sodium and Sodium 
Neutral Sulphite Liquors on Wood Mead,” by D. J. 
MacLaurin, J. E. Stone, and C. Férderreuther, The Institute 
of Paper Chemistry, Appleton, Wis. 


CYLINDER BoaRD 


“Vat Exhauster Survey,” by Otis Whitworth, Black- 


Clawson Co., Hamilton, Ohio. 
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Chemical Pulping 
Processes 


Chemipulp’s high degree of chemical, mechanical and 
physical control over materials and operations results 
in maximum plant output, high pulp quality, and low 
operating costs. 


@ Circulating Systems @ Tail Gas Towers 


@ Chip Distributor @ Hydroheater 


@ Chip Pretreatment @ Spray-Type SO, Gas 


@ Waste-Liquor SO, Gas Cooling System 


and Heat Recovery e@ Acid System 


@ Stripping Towers (Bubble Absorption) 


Chemipulp Process Inc. 


Watertown, N. Y. 


® 
Associated with 
Chemipulp Process Ltd., Cresent Bldg., Montreal, P. Q. 
e 


Pacific Coast Representative 
A. H. Lundberg, Orpheum Bldg, Seattle 1, Wash. 


Here is a syphon that features a brace, a spring and low 
cantilever leverage on the steam joint. 

The brace and spring make for easy insertion through 
the “joint” and proper clearance between pipe and dryer 
watt. 

The leverage on the “joint” is only 170 Ibs. in contrast 
with 354 Ibs, usually exerted by the conventional straight 
pipe. Thus excessive wear on the “joint” is avoided. 

Scores of mills use the Auto-Flex and so should you. Get 
a few on trial and they'll do their own selling. 


ROSS MIDWEST-FULTON CORP. © DAYTON, OHIO 


MIDWEST 
AUTO-FLEX 
SYPHONS. 


DRAPER BROTHERS COMPANY 


' CANTON, MASS. 


“Development of the Shartle Alligator Refiner,”’ by H. P. 
Espenmiller, Black-Clawson Co., Middletown, Ohio. 


W ATER 


“Chemical and Biochemical Effluent Treatment,” by E. 
Farber and D. V. Robertson, Timber Engineering Co., 
Washington, D.C. 


FUNDAMENTAL RESEARCH 
Acip PULPING 


DIssoLvinGe PuLP 


“The Relationship of Tire Cord Properties to the Amount 
of Beta-Cellulose and Resistant Pentosan in the Pulp,” by 
D. D. Bachlott, E. I. du Pont de Nemours, Inc., Wilmington, 
Del. 

“Carbohydrate Components of Prehydrolysis—Sulphate 
Pulps from Sweet Gum and Loblolly Pine,” R. L. Mitchell and 
J. F. Saeman, Forest Products Laboratory, Madison, Wis. 

“A Method of Qualifying Dissolving Grade Pulps,”’ by B. 
G. Hoos, Brown Co., Berlin, N. H. 


CoRRUGATED CONTAINERS 


“Variable Speed Drive—Principal Advantages and Dis- 
advantages,” by Samuel M. Langston Co., Camden, N. J. 

“Moisture Control at the Corrugator—Warp Control by 
Instrumentation on the Double Backer,” by D. Ellinger, 
Downing Box Co., Milwaukee, Wis. 

“Résumé of Printer-Slotter Questionnaire,’ by D. P. 
MeNelly, Fort Wayne Corrugated Paper Co., Fort Wayne, 
Ind. 

“Printing Die Practices on the Printer-Slotter,” by A. 
Schmidt, Commercial Stamping Co., Chicago, Il. 

“Research Project into Machine Design for New Corru- 
gator,” by W. Ward, F. X. Hooper Co., Glenarn, Md. 

“Quality Control of Raw Materials,” by Ked Martin, Fort 
Wayne Corrugated Paper Co., Fort Wayne, Ind. 

“Score Profiler,” by R. C. McKee, The Institute of Paper 
Chemistry, Appleton, Wis. 

STATISTICS 
DigesteR CORROSION 
FINISHING AND CONVERTING 

“A New Concept in Roll Wrapping,” by C. 8S. Adams, Rice 
Barton Corp., Worcester, Mass. 

“Warehousing, Shipping, and Materials Handling of Carton 
Packed Papers,” by 8S. W. Blanchard, Mead Corp., Chilli- 
cothe, Ohio. 


“Remote Control Edge Alignment,” by H. G. Weber & Co., 
Kiel, Wis. 
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CHEMICAL ENGINEERING 


PATENTS 


“Patent Office Practice,” by Frank Makara, 233 Broadway, — 
New York, N.Y. 

“Recent Court Decisions,” by Frank Makara, 233 Broad- — 
way, New York, N.Y. 


FOURDRINIER 


“Dimensional Stabilization of Paper,” by H. Ericks, The | 
Upson Co., Lockport, N. Y. 


PLASTICS 

“Report on the TAPPI WVP Research Project,” by V. 
Stannett, College of Forestry, Syracuse, N. Y. 

“A Motion Picture Investigation of Polymer Latex 
Phenomena,” J. W. Vanderhoff, Dow Chemical Co., Midland, 
Mich. 


ALKALINE PULPING 


“Technical Data and Operating Figures from the Most 
Recent Kamyr Continuous Cooking Plants,” by J. Richter, 
Kamyr, Ine., Hudson Falls, N. Y. 

“Effect of Jack Pine Pulpwood Storage on Sulphate Pulp - 
Yield and Quality,” by J. 8. Martin and J. N. McGovern, | 
Forest Products Laboratory, Madison, Wis. 

“The Use of Chemicals in Improving Southern Pine 
Timber Stands,” by A. E. Griffiths, Ethyl Corp., New York, 
INEDYS 


GrapuHic ARTS 


PuLpe PURIFICATION 
“Chlorine Dioxide and Safety,” by J. F. Haller and W. W. 


Northgraves, Olin-Mathieson Chemical Corp., Niagara Falls, 
ING 
PREPARATION OF PAPERMAKING MATERIALS 

“Beater Addition Resins,” College of Forestry, Syracuse, 
INDY: 

“Electrokinetics of Rosin Size,’ University of Maine, 
Orono, Me. 


_ “The Deculator-Cleaner,’ by J. C. Stewart and J. A. 
Smith, Rotareaed Corp., Bronxville, N. Y. 


TESTING 


“The Analysis of Fillers in Paper by Spectrographic | 
Methods,” by L. Block and John Lewis, Lowell Technolog- 
ical Institute, Lowell, Mass. 


“Chlorides in Paper,’? Eastman Kodak Co., Rochester, 
Ney 
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DIGESTER RELIEF 


DIGESTERS 


Ansul sulfur dioxide system 


Installing an Ansul sulfur dioxide system is the 
sure, economical way to cut cooking time and keep 
sulfite pulp production going at an even rate in 
spite of wet or green wood cooks, high water tem- 
peratures or other hard-to-control variables. 
Adding free sulfur dioxide to the acid supply 
gives faster wood chip penetration thereby increas- 


Why not further investigate the many 
advantages to be gained by installing 
Ansul’s simplified sulfur dioxide system. 
Write today for more information. ANSUL 
CuemicaL Company, Department C-45, 
Marinette, Wisconsin. 


| 
1 
| TAPPI - November 1954 Vol. 37, No. LI 
| 
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ing the rate of pulping. The increased pulping rate 
gained by adding free sulfur dioxide permits a 
considerable reduction in the pulping temperature 
for a constant digestion time. This cuts fuel costs 
and increases quality because lower temperatures 
give higher yields and improved chemical and physi- 
cal properties to the finished product. 
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PERSONAL MENTION 


Items About New and Old Tappimen 


New TAPPI Members 


Wallace M, Ackerman, Control Laboratory Supervisor, 
West Virginia Pulp & Paper Co., Charleston, 8. C., a 1941 
graduate of Clemson A & M College. 

Preston T. Bankston, Technical Director, Georgia Coating 
Clay Co., Macon, Ga., a 1953 graduate of Georgia Institute of 
Technology with a Ph.D. degree. 

Stanley A. Bobe, Engineering Supervisor, Westinghouse 
Electric Corp., Atlanta, Ga., a 1927 graduate of Washington 
State College. 

Robert L. Boehm, Research Chemist, The Mead Corp., 
Chillicothe, Ohio, a 1948 graduate of Colgate University. 

Waldemar Borgest, Chief Engineer, Industrias do Papel 
Simao 8/A, Sao Paulo, Brazil, a graduate of Par East Politec- 
nical Institute. 

Charles L. Brown, Assistant Technical Service Director, 
Crossett Paper Mills, Crossett, Ark., a 1951 graduate of 
Georgia Institute of Technology. 

Frederick C, Came, Industrial Engineer, Box Div., Union 
Bag & Paper Corp., Savannah, Ga., a 1941 graduate of Massa- 
chusetts Institute of Technology. 

Donald A. Charleson, Project Engineer, Crown Zellerbach 
Canada Ltd., Ocean Falls, B. C., Canada, a 1949 graduate of 
the University of British Columbia. 

Marshall J. Charlton, Quality Control Manager, Krafco 
Container Corp., West Monroe, La. Attended Tulane 
University. 

John G. Copeland, Junior Industrial Engineer, National 
Container Corp., Mill Div., Valdosta, Ga., a 1948 graduate of 
Florida State University. 

Wilttam T. Creson, Project Engineer, The Ohio Boxboard 
Co., Rittman, Ohio, a 1950 graduate of Purdue University. 

John K. Ferguson, Assistant to the Executive Vice-Presi- 
dent, St. Regis Paper Co., New York, N. Y. Attended 
Syracuse University. 

Robert R. Ferguson, Resident Manager, Crown Zellerbach 
Canada Ltd., Ocean Falls, B. C., Canada. Attended the 
University of Arizona. 

Floyd L. Fitts, Superintendent, Standards Section, E. I. 
du Pont de Nemours & Co., Inc., Martinsburg, W. Va.~a 
1940 graduate of Colby College. 

Fred H. Freuler, Project Engineer, West Virginia Pulp & 
Paper Co., New York, N. Y., a 1945 graduate of the Institute 
of Technology, Winterthur, Switzerland. 

Fred J. Gedemer, Engineer, Nekoosa Foundry & Machine 
Works, Inc., Nekoosa, Wis., a 1949 graduate of Marquette 
University. 

Herbert A. Habiger, Project Engineer, Karton fabrik Franz 
Mayr-Melnhof & Co., Vienna, Austria, a 1951 graduate of the 
Technical University, Vienna. 

Norman D. Hanson, Laminating Specialist, Bakelite Co. 
Div., Union Carbide & Carbon Co., Bloomfield, N. J say 923 
graduate of Michigan College of Mines. 

James D. Hickel, Sales Engineer, A. E. Ehrke & Co., 
Cleveland, Ohio, a 1947 graduate of Ohio State University. 

John EH. Hoeft, Engineer, National Container Corp. of 
Wisconsin, Tomahawk, Wis., a 1941 graduate of the Univer- 
sity of Wisconsin. 

Robert S. Howard, Process Engineer, Wausau Paper Mills 
Co., Brokaw, Wis., a 1946 graduate of Marquette University. 

Robert J. Hower, Sales Representative, Allis-Chalmers Mfg, 
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Co., Inc., Milwaukee, Wis., a 1936 graduate of New York 
University College of Engineering. 

Donald V. Hyzer, Mechanical Engineer, American Box 
Board Co., Filer City, Mich., a 1946 graduate of the Univer- 
sity of Wisconsin. 

Olli Karjarlainen, Engineer, Oulu Oy, Oulu, Finland, a | 
1949 graduate of the Technical College of Tampere. 

Russell B. Keeney, Test Manager, International Business 
Machines Corp., Endicott, N. Y. < 

Horace Keesey, III, Trainee, Schmidt & Ault Paper Co., 
York, Pa., a 1951 graduate of Lafayette College. 

W. James E. Kirk, Research Chemist, Minnesota & Ontario 
Paper Co., Minneapolis, Minn., a 1950 graduate of Queens 
University. 

William O. Kroeschell, Assistant Technical Director, 
Michigan Carton Co., Battle Creek, Mich., a 1951 graduate of 
The Institute of Paper Chemistry. 

Gunnar N. E. Krogh, Engineer, Sao Paulo, Brazil, a 1935 
graduate of Royal Technical University, Stockholm. ' 

George S. Lee, Sr., Chemist, Hollingsworth & Whitney Co., 
Chickasaw, Ala., a 1949 graduate of Spring Hill College. 

Clarence W. Linebaugh, Superintendent, Schmidt & Ault 
Paper Co., York, Pa. ; 

Livio G. Kuhl, Engineer, Acacia 8.A.C.é I., Buenos Aires, 
Argentina, a 1950 graduate of Universidad de Buenos Aires. 

Otto Kunnemeyer, Jr., Laboratory, Gebr. Kunnemeyer, 
Horn/Lippe, Germany, a graduate of the University of Ham- 
burg. 

George Lambe, Chemist, The Gardner Board & Carton Co., 
Middletown, Ohio, a 1954 graduate of the New York State 
College of Forestry. 

Richard W. Loheed, Div. Manager, Dairypak, Inc., Cleve- 
land, Ohio, a 1937 graduate of Norwich College. 

Charles R. Lombard, Jr., Service Engineer, E. I. du Pont de 
Nemours & Co., Inc., Wilmington, Del., a 1949 graduate of 
the University of Maine. 

John C. Mahaley, Chemist, Hammermill Paper Co., Erie, 
Pa., a 1951 graduate of Dickinson College. 

Ronald C. Mallach, Superintendent, American Writing 
Paper Corp., Holyoke, Mass., a 1935 graduate of the Univer- 
sity of Massachusetts. 

John L. McClintock, Jr., Chief Chemist, Weyerhaeuser 
Timber Co., Pulp Div., Longview, Wash., a 1948 graduate of 
Oregon State College. 

Ernest F. McIntyre, Vice-President and General Manager, 
McIntyre Bros. Paper Co., Inc., Fayetteville, N. Y., a 1926 
graduate of New York State College of Forestry. 

Leo J. Meyer, Supervisor of Material Standards, The Gard- 
ner Board & Carton Co., Middletown, Ohio. 

John S. Mudgett, Assistant Chief Engineer, Strathmore 
Paper Co., West Springfield, Mass., a 1938 graduate of 
Worcester Polytechnic Institute. 

John O. Mullen, Project Engineer, The American Paper 
Goods Co., Kensington, Conn., a 1940 graduate of Yale 
University. 

William Nagorny, Assistant Engineer, Schmidt & Ault 
ae Co., York, Pa., a 1950 graduate of Pennsylvania State 

ollege. 
_ Francis X. Nerney, Sales Service Representative, Becco 
Sales Corp., Buffalo, N. Y., a 1937 graduate of Lowell Tech- 
nological Institute. 

William L. Nieland, Assistant Director, Engineering Div., 
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W. H. & L. D. Betz, Chicago, IIl., a 1940 graduate of Drexel 
Institute. 
Robert T. Olsen, Fiber Technologist, The Celotex Corp., 

Marrero, La., a 1942 graduate of Massachusetts Institute of 
_ Technology with a Ph.D. degree. 

Richard W. Pettersen, Director, Research and Promotion, 
St. Paul & Tacoma Lumber Co., a 1950 graduate of the 
College of Forestry, University of Washington. 

Alexander M. Phillips, Managing Director, Sternberg & 
{ Phillips Ltd., London, England, a 1912 graduate of the City 
of London College. 

Rudolf A. V. Raff, Manager of Technical Development, 
Koppers Co., Inc., Pittsburgh, Pa., a 1932 graduate of the 
_ University of Vienna with a PH.D. degree. 

Howard W. Rowan, Jr., Plant Engineer, Sitroux, Inc., New 
Hartford, N. Y., a 1949 graduate of Stevens Institute of 
» Technology. 

Joseph F. Russell, Technical Librarian, Kaiser Engineers 
if Div., Henry J. Kaiser Co., Oakland, Calif., a 1908 graduate of 
. De LaSalle Institute. 

Edward Salavee, Master Mechanic, Industries do Papel 
' Simao §$/A, Sao Paulo, Brazil. 

George H. Saunders, Research Chemical Engineer, Kimberly- 
Clark Corp., Neenah, Wis., a 1939 graduate of Michigan 
» College of Mining & Technology. 

J. Blair Scott, Sales Engineer, Pandia, Inc., New York, N. Y., 
a 1945 graduate of Queens University. 

Wiliam A. Springer, Plant Manager, Alpha Cellulose 
Corp., Normal, Ill. 

U.G. Stoeffler, Assistant Superintendent, Allied Paper Mills, 
* Kalamazoo, Mich., a 1944 graduate of the University of 
+ Michigan. 

Nh Charles L. Stumpp, Product Development Engineer, West 
) Virginia Pulp & Paper Co., Covington, Va., a 1936 graduate of 


Juan Swoboda, Managing Director, Juan Swoboda, Inc., 
5) New York, N. Y., a 1930 graduate of University of Vienna 
© Law School, with a Dr.jur. degree. 

Robert V. Touchette, Student, University of Maine, Orono, 


James M. Tucker, Project Engineer, Buckeye Cotton Oil 
© Co., Cellulose Div., Memphis, Tenn., a 1947 graduate of 
© Georgia Institute of Technology. 

| William S. Tuttle, Partner, Tuttle Law Print, Rutland, Vt. 
Hans E. Unander-Scharia, Plant Project Engineer, The 
+ Ruberoid Co., Gloucester City, N. J., a 1944 graduate of the 
+ Institute of Technology, Stockholm. 

Alden D. White, Assistant Chief Mechanical Engineer, 
» Stone & Webster Engineering Corp., Boston, Mass., a 1929 


_ Fillmore G. Wilson, Design Engineer, J. E. Sirrine Co., 
Greenville, S. C., a 1937 graduate of Washington & Lee 


George J. Ahlquist, formerly of the National Container 
9 Corp. of Wisconsin, is now in the Control Dept. of Longview 


1 N. B., to Montreal, P. Q. 
William C. Atkins of Dowell, Inc. has been transferred from 
i Charlotte, N. C., to Houston, Tex., as Area Manager. 
-- W. Gordon Baker, formerly of the Brompton Pulp & Paper 
Co., is now General Superintendent of the St. Lawrence 
Corp., Red Rock, Ont. 

Paul W. Bartholomew is now Technical Director of the 
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Paper and Insulite Div. of the Minnesota & Ontario Paper 
Co., International Falls, Minn. 

George D. Bearce, formerly Vice-President and General 
Manager for the St. Regis Paper Co., is retired and is a 
Consultant on Pulp and Paper Projects in Bucksport, Me. 

J. Edmund Becker, formerly of the Alton Boxboard Co., is 
now Production Manager for the J. P. Lewis Co., Beaver 
Falls; IN. Y. 

Edgar G. Boyce, Technical Service Representative for E. I, 
du Pont de Nemours & Co., Inc., has been transferred from 
Wilmington, Del., to New York, City. 

Arthur M. Brooks, formerly of the Raffold Corp. of America, 
is now a consultant for Columbia-Southern Chemical Corp., 
Pittsburgh, Pa. 

James D. Brown, Sales Engineer for the Sutherland Refiner 
Corp., has been transferred from Montreal, P. Q., to Trenton, 
Node 

Peter Calott, formerly of the American Cyanamid Co., is now 
Process Engineer of the Wausau Paper Mills Co., Brokaw, 
Wis. 

Robert F. Caswell, Jr., Chemical Engineer for the St. Regis 
Paper Co., Deferiet, N. Y., is now in the U. S. Army. 

Alfred J. Corey is now Chief Chemist of Braser Co., Ltd., 
Edmundston, N. B., Canada. 

Eldon Cronquist, formerly Plant Manager of the Ashtabula 
Corrugated Box Co., is now with the Inland Container Corp., 
Indianapolis, Inc. 

Lovell M. Cushing, formerly of the Brown Co., is now Tech- 
nical Director of the North Carolina Pulp Co., Plymouth, N. C. 

William Daniels, formerly of the American Coating Mills, 
is now an Engineer with The Ohio Boxboard Co., Rittman, 
Ohio. 

Dan S. Edgerton, formerly a Student at the University of 
Maine is now in the Technical Control Dept., Rogers Fibre 
Co., Inc., Bar Mills, Me. 

Harry P. Eichin, Engineer for the Visking Corp., has been 
transferred from Little Rock, Ark., to Chicago, III. 

Vernon H, Emory is now Manager of Manufacturing of 
Pulp and Paperboard for the Fraser Cos., Ltd., and Resti- 
gouche Co., Ltd., Edmundston, N. B. 

A. E. H. Fair, formerly President of the Alliance Paper 
Mills, is now Executive Vice-President of the Brown Co., 
Boston, Mass. 

Samuel H. Greenwood, formerly of Flynn & Emrich Co., is 
now Treasurer and Salesman for Greenwood Engineering Co., 
Inc., Baltimore, Md. 

Harold L. Field, formerly of the West Virginia Pulp & Paper 
Co., is now Chemist for the Deerfield Glassine Co., Monroe 
Bridge, Mass. 

Gilbert Heath is now Vice-President in Charge of Production 
of the Scott Paper Co., Chester, Pa. 

Ernest K. Jamieson is now Vice-President and Manager of 
the Huffman-Wolfe Southern Corp., Atlanta, Ga. 

Gerald G. Johnston is now Manager of the Folding Box- 
board Mill Div. of Waldorf Paper Products Co., St. Paul, 
Minn. 

W.A. Ketchen is now Technical Director of Fraser Co., Ltd., 
Edmundston, N. B., Canada. 

John H. Kuhn, formerly of the Lowe Paper Co., is now a 
Graduate Student at the New York State College of Forestry, 
Syracuse, N. Y. 

William M. Lehmkuhl, Consultant, has moved his office 
from New York City to Pontchartrain Hotel, New Orleans, 
La. 

Frank W. Lorey, formerly of The Mead Corp., is now Assist- 
ant Professor and Pilot-Plant Group Leader at the College of 
Forestry, State University of New York, Syracuse, N. Y. 

Albert T. Maasburg is now Technical Director of the Cellu- 
lose Products Div., Dow Chemical Co., Midland, Mich. 

Robert I. Mason, Service Engineer for the Hercules Powder 
Co., has been transferred from Holyoke, Mass., to Burlington, 
Ont. 
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James W. McCrum, formerly of Tasmanian Board Mills, 
Ltd., is now Technical Assistant to the Managing Director of 
Ernest Nelson Ptg., Ltd., Melbourne, Australia. 

Gordon J. Morrisette, formerly of the St. Anne Paper Co., 
Ltd., is now Mill Manager of Abitibi Power & Paper Co., 
Ltd., Iroquois Falls, Ont. 

Gordon Morsett, formerly of the Detroit Sulphite Pulp & 
Paper Co., is now with the Rochester Paper Co., Rochester, 
Mich. 

Frank E. Newton, Manager of the Robert Gair Co., Ohio 
Corrugated Box Div., has been transferred to the Philadel- 
phia, Pa., Corrugated Box Div. as Manager. 

Norman H, Nuttall, formerly of Stein, Hall & Co., is now 
a Special Technical Representative for the Hubinger Co., 
Keokuk, Iowa. 

Robert S. Painter, formerly of the Celanese Corp. of America, 
is now a Chemist for the International Paper Co., Glens 
RallsyN2Y- 

Stanley J. Pasternak is now Development Engineer for the 
H & V Specialties Co., Inc., East Walpole, Mass. 

Carl D. Perkins is now Chemical Engineer for the St. 
Regis Paper Co., Bucksport, Me. 

Leonard A. Prerce, Jr., formerly of the St. Regis Paper Co., 
has been transferred from Kalamazoo, Mich., to New York 
City as Assistant to the Vice-President. 

Michael Pope has opened an office at 101 Park Ave., New 
York, N. Y., as Consulting Engineer on Steam and Electrical 
Problems. 

Richard A. Premo is now Assistant Mill Manager of the 
Gould Paper Co., Lyons Falls, N. Y. 

Charles S. Russell is now Superintendent of the Coating 
Dept., Central Paper Div., Muskegon, Mich. 

Homer P. St. Clair, formerly of the French Paper Co., is 
now Superintendent of the Beverly Mills Co., Gary, Ind. 

W. H. Schlafge is now General Manager of the Inter- 
national Falls, Minn., Div. of the Minnesota & Ontario 
Paper Co. 

Bruce W. Smith is now Sales Manager of the Instrument 
Div. of Isotope Products, Inc., Buffalo, N. Y. 

James G. Sylvester, formerly of the Mutual Boiler & In- 
surance Co., is now a Consulting Engineer in South Wey- 
mouth, Mass. 

Arthur Tournas, formerly Student at the Lowell Tech- 
nological Institute, is now a Student and Instructor in the 
Dept. of Chemical Engineering, University of Maine, Orono, 
Me. 

Carola Trittin is now Technical Director of the Ward 
Paper Co., Merrill, Wis. 

V. J. Westbrook is now Supervisor of all of the pulp mills of 
the St. Regis Paper Co., Pensacola, Fla. 

Donald A. Yateman, formerly of the Army Chemical Center 
in Maryland, is now Paper Supervisor for the Dixie Cup Co., 
Easton, Pa. 

Robert N. Zabe, formerly of the Champion Paper & Fibre 
Co., is now Associate Professor in the Paper Technology 
Dept., Western Michigan College, Kalamazoo, Mich. 

H. W. Zussman, formerly Sales Manager for the Alrose 
Chemical Co., Div. of Geigy Chemical Corp., Providence, 
R. I., is now Sales Manager for Geigy Industrial Chemicals 
Div., New York, N. Y. 


* * * 


Peter J. Schweitzer, Inc. has removed its executive offices 
from the Chrysler Bldg. to 261 Madison Ave., New York, 
IN Yas 


* * * 


H. M. Pier, Sales Manager for the Research Corp., has 
moved his office from Chicago, IIl., to Bound Brook, N, J 


* * * 


John R. Dufford, Assistant General Manager, has succeeded 
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Richard T. Anderson, deceased, as the official representative 
of the Paterson Parchment Paper Co., Bristol, Pa., in the | 
Technical Association. 


Industry Notes 


PRODUCTION 


In July, as a result of mill shutdowns for vacations and | 
general repair work, the output of paper and paperboard de- | 
creased about 10% from the June level to an estimated } 
2,052,000 tons, comprised of 1,043,000 tons of building and 
paperboard and 1,009,000 tons of paper. 

The production of printing papers, exclusive of newsprint, 
moved downward as an estimated 268,000 tons were manu- 
factured during the month. This was approximately 10% 
less than in the preceding month when almost 300,000 tons 
were made and about 4% less than in July of last year. Since 
the beginning of the year, production and new orders for these 
papers have been in balance, each averaging approximately 
297,000 tons. Shipments, however, have averaged slightly | 
in excess of 298,000 tons per month, causing the backlog of 
unshipped orders to decrease by about 9000 tons since Jan- 
uary to the present level of 283,000 tons. ' 

The July output of fine papers, also reflecting mill vacation | 
and repair policies, amounted to 95,000 tons. The decrease | 
of 16% from the June level was consistent with the decrease | 
that occurred in July of last year. The volume of orders re- | 
ceived exceeded shipments, which were in line with produe- 
tion, causing the backlog of orders on hand to rise to 64,000, 
their highest level since September, 1953, when they amounted 
to 70,000 tons, and 12% higher than the monthly average for | 
the first six months of this year. 

Production of coarse papers, estimated to have been about 
262,000 tons, was 9% less than in June but was 3% more than 
in July of last year. New orders for the month at 275,000 
tons continued at a level in line with that of recent months 
and, because curtailed shipments amounted to only 260,000 
tons, the backlog of orders for this group of papers rose to } 
125,000 tons. Despite this improvement, however, the order | 
backlog was about 10% less than at the same time last vear. | 

The manufacture of tissue paper, which has been proceed- } 
ing at a record pace throughout the year, continued to do so } 
in July as 136,000 tons, about 3% more than in June, were } 
produced. Thus, for the first seven months of the year pro- } 
duction of these papers has been at a rate which, if continued 
for the balance of the year, would result in an output of ap- 
proximately 1,600,000 tons. 

The paperboard segment of the industry continued to | 
demonstrate improved stability in July as 915,000 tons were } 
produced and the June to July decrease, as in the instance of 
1953, amounted to about 11%. The volume of unfilled 
orders rose during the month to 380,000 tons, the highest} 
level since March, and was equal to eleven days of production. 

New uses of paper connected with vacation time have } 
helped to offset the Summer slackness which used to be a 
characteristic of the paper industry. Included among the 
newer products are: beach sandals, shoe cleaning ‘‘cloths,” | 
shower and bath mats, face ‘“‘cloths,”’ new types of fruit and 
vegetable packages, and carry-home packages for beverages. | 

In general, the demand for paper and paperboard this year 
has been better than the most hopeful expectations at the | 
turn of the year. Inventories were reduced during the | 
first several months of the year and were reported at satis- 
factory levels at midsummer. Increased competition placed 
greater emphasis on improved quality and better service, 
but prices remained steady. The need for improved quality 
is reflected in an extensive modernization program throughout ’ 
the industry. 

Labor relations have continued generally harmonious, the | 
only point of conflict being the logging strike in the Pacific | 
| 
TAPPI| 
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Northwest, which had not affected mill operations to any 
degree up to mid-August. 

While wood pulp consumption showed little change from 
the first half of 1953, wastepaper consumption declined 7% 
pointing to the fact that under more competitive conditions 
there is a tendency to produce a higher proportion of paper 
and paperboard from virgin pulp. 


~ Imports 


_ The value of imports of papermaking raw materials, paper, 
| paperboard, and paper products for the first half of 1954 and 
', 1953, as reported in the monthly FT 110 reports of the Bureau 
of the Census for 1954 and 1953, is as follows: 


Per 
\ cent 
| ea 1954 (P) 1953 change 
f | GrRanpD Torau $450, 288, 171 Not available 
Paper base stocks 993 , 400 Not available 
Paper manufactures 522 , 820 Not available ee 
Tora. 448,771,951 460, 214, 276 —2 
Pulpwood 14,168,806 13,082,673 +8 
Wood pulp 122,057 , 856 134, 667 , 445 —9 
Rags, bags, grasses, 
etc. 1,924, 001¢ 2,301,494 —16 
Paper 299 , 334, 420 297 , 945 , 665° he 
© Paperboard 5,679,940 7,616, 106 —25 
_ Paper products 5,606, 928 4,600,893 +22 


(P) Preliminary. 
2 Includes newsprint at $292,184,035. 
6 Includes newsprint at $290,844,002. 


> PuLpwoop 


For the first half of this year, pulpwood receipts totaled 
© 13,401,000 cords, 307,000 cords more than in the first half 
| of last year. Both domestic receipts and imports increased, 
» the former 253,000 cords and the latter 54,000 cords. De- 
») creases of 1% in the volume of receipts were reported by mills 
/in both the Appalachian and Southern Regions, the other 


1) three regions showing increases ranging from 2 to 15%. 


’ The consumption of pulpwood has been maintained at a 
) high level amounting to 14,346,000 cords for the first half of 
1954. This was an increase of 278,000 cords over the com- 
parable period last year. Regionally, the Northeast and the 
) Lake States registered declines of 1 and 4%, respectively. 


» Increases of 1% were reported for both the Appalachian and 


4) Southern Regions, while the Pacific Northwest showed a 
6 13% gain. 


- Woop Putp 


Wood pulp production continued at a high level during 
June and for the first six months of this year totaled 8,978,000 
+ tons, an increase of 191,000 tons over the comparable half- 


#9 year period last year. 


In line with continuing high paper production, wood pulp 
consumption in June of 1,606,000 tons was the third highest 
on record, bringing total consumption for the first half of this 
» year to 9,390,000 tons, an increase of 40,000 tons over the 

comparative period in 1953. 

Imports from abroad continued to lag behind last year, but 
‘imports from Canada by the end of June were 3% greater 
») than for the first half of 1953. Total imports for the first 
* six months amounted to 991,982 tons, 102,678 tons less than 
for the same period in 1953. Imports from overseas were 
) down 130,785 for this period, while imports from Canada in- 
? creased by 27,736 tons. 

Exports of wood pulp have increased appreciably this year, 
} and for the first six months were 140,000 tons, an increase 
} of 77,000 tons over exports for the first half of 1953. 

| Inventories of wood pulp at the end of June of 673,000 tons 
4 were at their highest level since August of last year when they 
4} totaled 683,000 tons. June end inventories this year con- 
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sisted of 183,000 tons at pulp mills and 490,000 tons at paper 
and board mills. 


NEWSPRINT 


Production and shipments of newsprint in North America 
during August, 1954, amounted to 602,637 tons and to 617,- 
347 tons, respectively, compared with corresponding totals 
of 575,331 and 590,801 tons in the same month of 1953. 
North American production in August, 1954 exceeded that in 
any previous August. Output in the United States was 99,- 
492 tons and shipments were 98,503 tons while Canadian 
(including Newfoundland) production amounted to 503,145 
tons—the peak August record to date—and shipments 
totaled 518,844 tons. 

Through the end of August this year United States mills 
turned out 42,622 tons or 5.9% more newsprint than in the 
first eight months of 1953 while output in Canada also was 
148,238 tons or 3.9% greater than in the corresponding period 
of last year, thus the total continental increase amounted to 
190,860 tons or 4.2%. 

World demand for newsprint is expected to rise to more 
than 15,500,000 metric tons in the next decade, compared with 
the 1951 figure of 9,456,000 tons, a report issued by the United 
Nations [ducational, Scientific, and Cultural Organization 
indicates. 

The report—‘‘Paper for Printing and Writing: Tentative 
Forecasts of Demands in 1955, 1960, and 1965’’-—was pre- 
pared by the Intelligence Unit of The Economist in London 
at the request of UNESCO. It is issued as No. 12 in the 
agency’s series of papers on mass communication and is a 
sequel to two previous reports entitled ‘“Newsprint Trends 
1928-1951” and ‘‘Paper for Printing (Other than Newsprint) 
and Writing, 1929-1951 Trends.” 

The report estimates the 1965 newsprint requirements for 
Canada and the United States at 7,760,000 tons; Latin 
America (including all other countries in North and South 
America), 897,000 tons; Europe 3,914,000 tons: USSR, 
1,000,000 tons: Oceania, 382,000 tons: Africa, 179,000 tons; 
and Asia, 1,408,000 tons. 

An increase in production of nearly 6,300,000 metric tons 
would, therefore, be necessary, between the 1950-51 average 
and 1965, to satisfy the expected increase in demand during 
that period. Expected world demand for newsprint in 1955 
is estimated at 2,120,000 metric tons over the 1951 level, the 
corresponding figure for 1960 being put at 4,030,000 tons. 


W ASTEPAPER 


Less of the mixed grades of wastepaper has been consumed 
so far this year by the eastern mills than last. Although 
consumption of the total grades of wastepaper in the first 
36 weeks of 1954 dropped 4.4% from the corresponding period 
last year, the consumption of mixed grades fell off 9.1%. In 
the same period, consumption of old corrugated increased 
almost 1% this year. The lower demand for mixed grades is 
attributed to the fact that paperboard consumers have been 
insisting on better quality. 

The U. 8. Dept. of Commerce has suggested that an in- 
quiry be made into the technical and economic problems of 
utilizing waste newspapers in the production of newsprint. 

A new symbol for the identification of multiwall sacks con- 
sisting entirely of plain untreated kraft has been suggested 
by the Paper Shipping Sack Association. The symbol con- 
sists of a red octagonal figure containing the letters ANK. 


FINLAND 


The forest products industry is continuing to enjoy a 
market situation in which prices are remaining firm and, in 
some instances, show signs of slight increases. 

Demand for both paper and pulp has been lively despite 
the fact that Canadian and United States shipments to the 
European market are causing some slight readjustments in 
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traditional sales patterns. Finnish exports of chemical pulp 
during 1954 are expected to total about 900,000 tons. 

With both demand and prices remaining firm, Finnish 
chemical pulp producers consider it very likely that total pro- 
duction this year will exceed the 1,385,000 metric tons pro- 
duced in 1951—the biggest postwar year. 

Groundwood pulp production is expected to drop somewhat 
in view of the probable curtailment of the use of electric 
power necessitated by low water levels. In northern and 
western Finland summer rains have improved the situation 
but the situation in eastern Finland continues to create 
concern for the power supply in the Fall and early Winter. 

The effort of Finland’s forest industry to increase its out- 
put of processed products is being demonstrated by the 
growth in paper production. It is expected that total pro- 
duction of all paper grades in 1954 will exceed 800,000 metric 
tons for the first time in history. Next year, unless a drastic 
change occurs in demand, production is expected to reach 
900,000 tons, this jump resulting from Enso-Gutzeit’s new 
newsprint mill at Summa, with an annual capacity of 80,000 
tons, which will be in full production in 1955. 

Although newsprint accounts for the lion’s share of the 
steady increase in production, the output of other grades, 
such as kraft and technical papers, has also risen substantially 
during the postwar years. 


FRANCE 


French requirements continue to be far in excess of domestic 
production capabilities. Although long-range plans call for a 
gradual reduction of dependency on imports through ex- 
tensive forest conservation and increased utilization of hard- 
wood and other fibers in pulp production, it appears likely 
that constantly expanding consumer demand will obligate 
France to a long range import policy allowing foreign pur- 
chases of approximately 40% of wood requirements. 

The general supply uncertainty continually prompts the 
French trade to call attention to the vast forest resources of 
the Soviet Union which are not available at present to 
Western European consumer nations. The French trade 
frequently pleads for resumption of trade with prewar sup- 
pliers in Eastern Europe, on a competitive basis. 

Wood Pulp Consumption. Consumption of pulp in paper 
mills reached 966,847 tons during the year, still 83,914 tons 
below the 1951 record. Pulp imports were increased but were 
not of a magnitude to permit stock replenishment. Low wood 
imports further contributed to stock declines from 113,496 
tons on Dec. 31, 1952, to 107,880 tons on Dec. 31, 1953. 
Pulp and wood imports have been relatively low because im- 
ports from OEEC member countries have been curtailed, due 
to European Payment Union considerations. Favorably 
priced wood and pulp from Sweden could not therefore be 
drawn upon. Finland, a nonmember country, cannot supply 
all the requirements and prices of Finnish wood and pulp are 
higher than OEEC countries prices. 

Wood Pulp Outlook. With paper production running at a 
high level, 1951 pulp production levels will undoubtedly be 
surpassed. Increased consumption, however, will be depend- 
ent on increased imports. Domestic factories-are running 
at 95% of capacity with significant expansion unlikely in the 
near future. As pulp is not as yet on France’s liberalized 
import list, and as Finland cannot be expected to deliver all 
requirements for the reasons mentioned above, pulp consum- 
ers are drawing on stocks and hoping that when France 
liberalizes further, probably in the Autumn, pulp and wood 
will be included on the lists. The consensus of trade and 
government officials is for liberalization in this sector which 
will raise the level of imports considerably. France is at 
present dependent on imports for 50 to 60% of requirements. 
Whether or not liberalization will have any salutory effects on 
consumer prices will, of course, be dependent upon revisions 
in the perequation price system which at the present time 
permits the survival of marginal French producers. 
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Paper Production Outlook. France is not a traditional im- 
porter of paper, imports of raw materials for conversion 
being preferred. As France is following a protectionist policy 
in respect to the paper industry, imports will continue to be 
limited to urgently needed categories caused by discrepancies | 
between domestic production and demand. As domestic 
paper production is increasing and should be able to satisfy 
all normal domestic requirements, exceptional demand, such | 
as the upswing in activity precipitated by the Korean war, 
will be the determining factor in future paper imports. 


Norway | 


The major problem confronting the Norwegian wood pulp 
industry continues to be the critical shortage of pulpwood 
from domestic sources. Official preliminary results of the 
1953/1954 timber cutting season, which ended in June, | 
indicate a total cut of 6,959,890 cubic meters. This is a | 
shade below the preliminary 1952/1953 figure of 7,032,330 | 
cubic meters; about half this timber in 1953 went into the pro-. 
duction of pulp, but that quantity was insufficient to supply | 
all the raw material required by Norwegian pulp mills even | 
during a period of comparatively slack production. Earlier | 
this year the industry estimated that it would have to im- | 
port about 1 million cubic meters of pulpwood if a high 
level of production were to be maintained throughout 1954. 
With pulpwood imports of 20,108 cubic meters in May and 
June, Norway’s total imports of this commodity amounted to | 
146,848 tons in the first half of this year; about 103,000 cubic 
meters were purchased from Sweden and the rest from | 
Finland. | 

As the shortage of pulpwood is largely of the spruce variety, | 
some Norwegian pulp producers are exploring or experiment- | 
ing with the use of other species for cellulose production. | 

At the same time, other pulp producers are increasing their : 
utilization of small-dimensioned timber and logging waste. | 
One interesting result of this development is its apparent 
adverse effect on the domestic fuelwood market. | 

Wood Pulp Market. Spokesmen for both the mechanical 
and chemical pulp industries characterize the market situa- 
tion as good, and both declared in August that the entire 
projected 1954 output of their respective industries had been 
sold. 

From the frequency with which the subject has been raised 
in the local press and trade journals, it must be concluded 
that the Norwegian producers are seriously concerned about . 
the long-range implications of increasing sales of pulp by 
North American producers in the European market. The 
Norwegians, however, have publicly taken the position that. 
such sales do not represent a threat to the local industry as. 
they only serve to supplement the market by covering the 
demand which the Scandinavians are unable to supply be-. 
cause of limited production capabilities. | 


PORTUGAL | 


The Companhia Portuguesa de Celulose, whose pulp and 
paper plant located at Cacia, near Aveiro, was built with | 
F.0.A. financial aid, continues to increase its pulp production | 
both for home and export markets. During the first 6 
months of the year it produced and sold a total of some 13,000 
tons of kraft pulp. Of this figure, 4000 tons, with a value 
of 13,000 Contos ($454,500) was for the domestic market and 
9000 tons with a value of 27,000 Contos ($944,000) was for 
export. Of the latter figure the greater part went to England 
but important shipments were made to Germany and the 
Netherlands. A contract to ship to Germany on a regular 
basis was recently signed. A contract with British paper in- 
terests has been negotiated and will be signed in the next 
few weeks which provides for the shipment to England of 
10,000 tons of kraft pulp per year for the next 5 years. 
A trial shipment of 50 tons of kraft paper to Norway was 


recently made and it is hoped that this will develop into 
further business. | 
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SouTHERN RHopESIA 


Concomitant with the presentation of the Federal budget 

for the year July, 1954 to June 30, 1955, the Minister of Com- 
_ merce and Industry had made public the federal currency 
allocation schedule for the period July 1 through Dee. 31, 
) 1954. 
Many items previously under quota have been added to the 
_ unrestricted list. Items on the unrestricted list are defined 
as those the import of which is not subject to currency quotas. 
_ They still require import licenses, but these will be issued, 
| subject to scrutiny only. Pulp and paper items are as fol- 
_ lows: unmanufactured timber; wallboard and hardboard 
_ (excluding plasticized surfaced board); paper for converters 
_ as defined; printing paper; books, printed music, newspaper, 
_ periodicals, and paper dress patterns; newsprint and news- 
» paper matrix advertisement services requirements; printers’ 
- requisites special; sensitized paper. 


| SWEDEN 


An important step in improving the conservation and 
» harvesting of Sweden’s forests is being undertaken this year 
on an experimental scale, in the form of exchanging land 


» holdings to enlarge individual land lots. 


The purchase and sale of property is strictly restricted to 
government control through court order and in practice is 
» extremely difficult’ to achieve since the individual farmer’s 
_ rights are always overwhelmingly protected by law. The 
| principal difference between land ‘exchange’ and “inter- 
change” appears to be that the former requires the approval 
» of both parties while the latter—since the 1951 amendment 
) tothe Land Parcelling Act— can and is freely exercised at the 
) instigation of the Government Forest Service against the 
, will of one of the parties. This appropriation of property 
is widely accepted as ethical in Scandinavia although it may 
be fundamentally repugnant to the Common Law principle of 
| private property sanctified in Anglo-Saxon tradition. A 
_ forest landowner in Sweden is bound to protect his endow- 
ment and failure to promote its upkeep can lead to forced 


+ sale for whatever the government deems as fair compensation. 


_ This is a thesis which some independent forest owners and 
) pulp producers have strenuously opposed. 

The final results of the official second national forest census 
) of Sweden are expected to be published toward the end of 
» 1954. Based on preliminary conclusions of the Forestry 
_ Research Institute in Stockholm it has been officially esti- 
mated that tree felling henceforth will have to be limited in 


» Norrland to 70% of the annual cut of the immediate prewar 


period. 

A new awareness of the danger of further forest depletion 
has already resulted in such concerted conservation meas- 
ures that several private sources consider the critical con- 
clusions to be drawn from the second forest census have al- 
ready been ameliorated even before the census results have 
become final. 

The only Swedish paper mill, Holmens Bruk, which con- 
tinued large-scale exports of newsprint to the United States 
¥ after the war, has decided. to cease such exports. The re- 
} sulting loss of dollar revenue for Sweden will be about SKr 
7.5 million ($1.45 million) per year, and Swedish shipping to 
the United States also will be affected. The reasons for the 
decision are the steadily decreasing profitability of exports 


+ to the United States and the increasing Swedish paper con- 


| sumption, which necessitates cutting down the least remuner- 
ative exports. 


+ ARGENTINA 


} The Argentine government considers it “a matter of 

‘national interest” that in due course Argentina should be- 
‘come independent of paper imports. One step on this road 
is the expansion of pulp production. Output of mechanical 
pulp in Argentina has risen from 6340 tons in 1951 to 32,000 
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tons in 1953, while the respective figures for chemical pulp are 
33,000 and 81,000 tons. In 1954 cheniical pulp production 
is expected to total 90,000 tons. The government’s targets 
for 1957 are 50,000 tons mechanical and 130,000 tons of 
chemical pulp. 

A newsprint mill using sugar cane waste is expected to be 
in operation within two years at Tucuman, 75 miles from 
Buenos Aires. A New York concern is said to be financing 
the operation. 


SWITZERLAND 


A Swiss firm has developed and offers a new paper sur- 
facing process which is inexpensive, does full-sizing, water- 
proofing, is not subject to swelling, and gives a pliable sur- 
face, with a good glaze and brilliance. 


Unitep Kinapom 


The main problem confronting the United Kingdom paper 
industry now is whether future supplies of papermaking raw 
materials will be sufficient to cope with the demand for the 
finished products. In addition to meeting the demand for 
paper, the United Kingdom paper manufacturers are now 
looking ahead to the coming Winter months when conditions 
will prevent shipments of wood pulp from Scandinavian ports 
and are therefore anxious to build up their wood pulp stocks 
now. The general opinion in the United Kingdom paper 
trade seems to be that control of pulp and paper imports 
should and could be ended at the present time or, failing this, 
that the government should at least allocate additional cur- 
rency for the purchase of imported wood pulp to assist the 
industry in improving its stock position. 

The United Kingdom paper industry realizes, however, that 
it is unlikely that the control of wood pulp imports will be 
abolished while supplies of newsprint are still subject to 
restriction. In this connection the Ministry of Materials 
announced recently that there is little hope of ending news- 
print rationing in the United Kingdom until sometime during 
1955 and only then if the balance of payments situation per- 
mits. 


YUGOSLAVIA 


The plan is composed along the same lines as last year’s, 
although the introductory section dealing with the economic 
developments of the previous year is omitted. Further in- 
creases in production are predicted, more emphasis is laid on 
the production of consumer’s goods and the development of 
agriculture, and some changes in the economic instruments, 
including the foreign exchange system, of the country pro- 
vided. Chief among these are the introduction of a progres- 
sive system of taxation of enterprise profits and the decentrali- 
zation of wage controls to the district level. For the rest, 
the prescription is “the mixture as before,’’ with somewhat less 
emphasis on the better use of existing capacities, which was 
given a prominent play in last year’s document and is re- 
peated, and somewhat more emphasis on the completion of 
key projects. 

Prices of certain key raw materials and final products will be 
fixed and domestic supplies secured by rationing. The physi- 
cal volume of production is to rise by 15.1% over the esti- 
mated results for 1954. 


New ZEALAND 


“Jigsaw” is one way to describe the $35 million newsprint 
project Merritt-Chapman & Scott, in association with two 
other contractors, is constructing 200 miles south of Auckland, 
N. Z., for the Tasman Pulp & Paper Co. As items of ma- 
chinery ordered from around the world arrive at the site in 
quickening tempo and more buildings go up, the big picture 
is coming to life. By late next year, it is expected to be com- 
plete and the ‘““‘Down Under” country will have its first news- 
print industry. 
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The project is one effectively illustrating that modern-day 
trends have largely outmoded the old concept of ‘four wall’ 
construction, where you first erected the building itself and 
then installed the equipment. Today, in the age of the 
“Chemical Century,” a mill such as the one at Kawerau, 
N. Z., is in good part designed and built around the equip- 
ment, with construction of the building and installation of 
equipment moving ahead simultaneously. Result: as con- 
struction proceeds, all equipment scheduled to be “built in” 
must be on the scene, ready for immediate placement. 

Construction by this ‘jigsaw’? method calls for special 
planning and ingenuity where purchase orders for equipment 
are placed in four different continents on a timetable requiring 
synchronized delivery at a project site thousands of miles 
away. 

Characteristic of this “built-in” type of modern-day en- 
gineering and construction is the manner in which the largest 
single piece of equipment for the mill at Kawerau—the paper- 
making machine itself—is being installed. Manufactured in 
England, the machine will be 200 ft. long and weigh 2000 
tons when fully assembled. 

It is being fabricated and shipped piecemeal to New Zea- 
land in sections up to 60 tons for installation as the work 
progresses. Schedules are being arranged so that the final 
section ofthe machine will be on hand for installation as the 
project nears completion. 


BaAGASSE 


Here is a raw material annually available in tropical and 
subtropical countries around the world in tremendous ton- 
nages, from which a long list of vital products have already 
been made, with many more seemingly possible with further 
work. Yet very few known uses are now being commercially 
exploited. 

Bagasse today is being used to produce animal and chicken 
litters, filler material for dynamite, plant mulches, paper and 
paper pulps—oil well drilling mud additives—building and 
insulating board—cattle feed, thermosetting and thermo- 
plastic resins, and a Caribbean plant has been announced to 
use it as a furfural manufacture. This list is not represented 
as being complete. 

Chemically, bagasse can be used to produce many other 
important products. The brief and probably incomplete 
product list just given certainly demonstrates wide versatility 
of use. This, with its annual availability, are bases for the 
great world interest in this agricultural raw material over the 
years. 

Some of this audience may not be familiar with the ap- 
pearance and characteristics of bagasse; therefore, at the risk 
of boring those who are, please let me review some facts 
about it. 

Bagasse is the pith containing fibrous residue resulting from 
the grinding of sugar cane to extract the Juices from which 
sugar, molasses, and sometimes syrup are ultimately made. 
As produced from the last mill in the sugar house, bagasse is a 
yellowish gray-green fibrous mass with fiber bundles some- 
times as much as 6 in. long and, of course, other bundles and 
pith fractions varying on down to very small size. As it 
comes off the last mill, bagasse will average close to 50% 
moisture. The fiber and pith fraction will average from 45 to 
48% with 21/2 to 5% soluble solids. These analyses necessar- 
ily vary, first because final moisture varies with sugar mill 
efficiencies—but even more importantly because of the rather 
wide variances in today’s sugar cane varieties. 

Different cane varieties, of course, vary in the per cent of 
pith versus long fiber. Newer cane varieties in Louisiana are 
small diameter hard canes, while most older varieties are 
much larger and softer with consequent differing pith to 
long fiber ratios. As an average, most investigators consider 
the ratio of pitch to long fiber to be about equal and this may 
be a fair assumption. The long fiber in bagasse ranges from 
1.0 to 5 mm. in length, its diameter varies from 0.016 to 
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0.05 mm., giving a length to diameter ratio actually greater 
than many wood fibers. In comparison to wood fibers, 
bagasse would be classed as an intermediate in length. The 
pith fraction forms the walls of the cells in which the cane 
juices are held, is very thin, while at the same time binds the 
fibers together. 

Chemically, bagasse pith and fiber are the same within the 
limits of analytical accuracy. Cellulose, +53% is the prin- 
cipal constituent of bagasse fiber, but it also contains lignin, 
2.5%, pentosans, +23%, sucrose, glucose, fats, waxes, 
gums, acids, silica, and ash. McElhinney has found means to 
use bagasse as a source of furfural, furfuraldehyde, formal- 
dehyde, and various ketones in his research. 

Bagasse being a residue from sugar cane processing is 
produced in tropical and semitropical areas of the world. 
Lathrop has estimated normal world production to be 20,- 
000,000 tons per year. Florida and Louisiana are the pro- 
ducing areas in this country, with Louisiana producing about 
750,000 tons per year. With this quantity of fiber production 
from sugar cane, it may be readily seen that bagasse offers a, 
very important additional source of cellulose fiber, particu- 
larly in view of the fact that Forestry Service reports that even 
now in the fast growing woodland areas of the South, the 
annual drain through the cutting of wood equals or exceeds 
the rate of growth, and certainly will exceed it as new plants 
being built commence to consume wood fiber. 


Cane must be ground shortly after being harvested and in 
some areas the harvesting season is short—about 75 to 90 
days in Louisiana, while grinding capacity of individual mills 
is rather large. Perhaps the average Louisiana mill will 
grind close to 100 tons of cane per hour, though many mills 
are much larger, particularly in Hawaii, Cuba, and some 
Caribbean Islands. Since moisture-free bagasse will aver- 
age close to 15% of the weight of cane ground, substantial 
tonnages of bagasse are annually produced at each mill. 
This, of course, is a distinct advantage to the user of bagasse— 
his material is harvested—brought to a central location and 
processed there in substantial quantities to produce other 
products. For this reason, gathering costs and problems of 
raw fiber procurement are minimized. This perhaps is 
another reason why bagasse has intrigued many users and 
processors of fibers for so long a time. Certainly this fact 
gives bagasse an advantage over straw, corn stover, and wood 
today. 


In Louisiana, cane is harvested annually with yields aver- 
aging close to 24 tons of cane per acre or 3.6 tons dry bagasse 
per acre. Converting this to cellulose per acre per year and 
comparing the growth data on cellulose grown per acre per 
year in the form of wood makes sugar cane rank very high as 
an annual source of cellulose. Many tropical and sub- 
tropical areas which are large producers of sugar, such as 
Cuba, Hawaii, and the Philippines, obtain cane yields several 
times the Louisiana average and their production of cellulose 
per acre per year from cane reaches rather remarkable figures. 

Sugar growers, scientists, and research workers have long 
been intrigued by the possibility of using bagasse as a source 
of industrial materials. Litkenhaus, in his study, reports 
one process for pulping bagasse which dates back to 1838. 
Being a lignocellulosic fibrous material, bagasse has attracted 
much attention as a fiber for paper pulps of many types, as 
well as a basic material for resins and some chemicals. Some 
of the lesser known uses of bagasse are very interesting. 
Sugar cane wax is now being produced and refined at Gram- 
ercy, La., in grades equal to Carnauba. This comes from 
cane and a part of the original wax is carried over in the result- 
ant bagasse. 

Bagasse is being processed and sold as a litter material 
for chickens and cattle. Bagasse pith has been used for a 
long time as a filler material in the manufacture of dynamite. 
Several Louisiana mills and Louisiana State University have 
combined bagasse with molasses and in some cases other 
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materials for cattle feeds, and at least two sugar producers 
are now marketing bagasse cattle feeds. Bagasse is also being 
marketed in increasing volume after processing, as a lost 
circulation material of importance in the drilling of oil and 
gas wells in certain strata. Composted bagasse has many of 
the characteristics of peat moss and in many respects is su- 
perior to this widely used mulch material. This can be an- 
other important use of this material. 

Furfural often has been successfully produced from bagasse 
and in November, 1953, a large sugar mill in Puerto Rico 
announced a project in which the Quaker Oats Co. is cooperat- 
ing to construct a large plant to produce this important chemi- 
cal from bagasse. Here is chemurgy really at work. 

Furfural and the furans are exceedingly important, with 
excellent prospects that their importance will increase as 
industrial, chemical, and pharmaceutical materials. Ba- 


-gasse, as a raw source of these materials, may become very 


important as furfural usage and furan chemistry advance. 

The Valite Corp. has made use of bagasse after processing 
as a filler material in very interesting molding compounds. 
T. R. McElhinney, vice-president and technical director, 
holds a number of patents on bagasse processes with others 
pending. He has, for example, produced some remarkable 
thermosetting and thermoplastic resins based on bagasse, 
which have found use in the manufacture of phonograph 
records, molding compounds and excellent laminates with 
paper, cloth, and glass fabrics. One laminated product is a 
gear stock of outstanding qualities of strength, wear, and 
shock resistance as shown in actual usage. 

Much interesting and valuable work on bagasse as a raw 
material base for varous types of plastics has been done by 
many researchers. Great credit for original research in this 
field is due the U. S. Dept. of Agriculture and its staff of 
scientists. Particular tribute should be paid to the memory 
of the late D. F. J. Lynch for his outstanding work on bagasse 
while head of the U.S.D.A. Agricultural Research Laboratory 
at Ames, Iowa, and later while Director of the Southern Re- 
gional Research Laboratory at New Orleans. 

Bagasse, of course, has great industrial importance as a 
fuel in sugar mills and in some tropical areas as a fuel for 
steam locomotives. It is not an ideal fuel, in fact, as such, it 
has many disadvantages. However, Arthur Keller of L.S.U. 
has estimated that 95% of the world’s bagasse production is 
used as fuel in the sugar factories which produce it. In 
many foreign factories, bagasse production is so high that 
boilers are operated inefficiently by design to consume the 
bagasse produced. In Louisiana, one ton of bagasse is 
generally regarded as being equal to 12 MCF of 1000 B.t.u. 
natural gas or 2 barrels of fuel oil. 

One outstanding product from bagasse is Celotex board in 
its various forms. This great industry established in Louisi- 
ana in 1920, was the first in that area to successfully produce 
commercial building-board products from bagasse. Build- 
ing board is now made of bagasse at several points over the 
world, one very successful operation being the Flintkote Co.’s 
plant at Hilo, Hawaii. Bagasse board has a good future, as 
processes have now been found to produce excellent hard- 


_ boards with good strength characteristics that exceed similar 


boards from other raw materials being marketed today. 

The history of bagasse paper projects is a long one, dating 
back well over 100 years. Many processes have been de- 
veloped—amills have been built almost wherever sugar cane 
has been grown—most have failed, principally for economic 
reasons, although W. R. Grace Co. produces paper from ba- 
gasse in Peru. Mills exist in Formosa; the Cellulose De- 
velopment Co. of England, using the Pomillio process has 
built several plants, some in this hemisphere and one in the 
Philippines. Bagasse paper is used in places for plant mulch 


% paper; and Container Corp. uses bagasse in Columbia in the 
* manufacture of 0.9 corrugating board. 


Good grades of bond, 
writing, bank note, and other types of paper are now being 


‘made on which tests have shown the physical characteristics 
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to be equal to or better than similar papers produced from 
other sources. 


Early in 1953, Valentine Pulp & Paper Co., Inc., was 
organized for the purpose of producing bleached papers and 
pulps from bagasse at a mill now nearing completion near 
Lockport, La. This mill will utilize processes developed by 
T. R. McElhinney, vice-president and technical director of 
Valite Corp. of New Orleans, and other processes developed 
independently by E. L. Powell, cellulose consultant of Chat- 
tanooga, Tenn. Papers made by processes to be used in the 
Valentine mill have been made on laboratory—pilot plant— 
and finally commercial paper mill equipment leased for the 
purpose. They have been tested on commercial scales in 
various printing plants and by paper converters with excel- 
lent results, and the actual operation of Valentine’s mill will 
give bagasse a real commercial-scale proving ground in the 
highly competitive markets of this country. The processes 
to be followed make use of whole bagasse rather than the sepa- 
rated long fiber as has so often been advocated. Special pulp- 
ing and paper mill equipment is not required in this mill. 

Much more could be said about bagasse and its potential 
uses. Mention could be made of its potentials as a source 
of nitrating and dissolving pulps—both of which have been 
successfully produced. Much could also be said of the pos- 
sibilities that the waste liquors from Valentine’s new mill may 
hold—of the baling and storing of bagasse and many other 
points. It is a fascinating raw material holding great pos- 
sibilities for the persistent researcher. Its secrets are cer- 
tainly not yet fully known and its commercial and industrial 
uses are largely yet to be exploited. 

In years to come, bagasse should be an exceedingly impor- 
tant source of many vital materials. 


—by W. J. Amoss in Chemurgic Digest, June, 1954. 
HANDLING AND STORING OF PAPER 


“Profit” is a term used to describe what all lithographers are 
working for and to describe what they expect from each job 
when it is in the estimating and scheduling stages. ‘‘Paper 
Waste” or ‘Wasted Paper” are terms that can be used in 
many lithographic shops to describe what happened to that 
“Profit.” 

Today the reduction or elimination of unnecessary waste is 
of prime importance to all shops large or small. Too often, 
however, very little thought is given to the problem until the 
actual losses have been suffered and it is too late to make any 
correction. 

The first step toward reducing waste should be taken when 
the paper is ordered. Tell the merchant, or the mill, what you 
want and make sure that you both thoroughly understand 
each other, preferably in writing. The size of the sheet and 
grain direction are of first importance. The size, because 
ordering a sheet larger than is needed will mean that you 
start with extra waste. Ordering the grain the wrong way 
or receiving it the wrong way from the mill because it hasn’t 
been specified can mean extra losses in press or bindery opera- 
tions. Most paper, of course, is ordered ‘‘grain long” and for 
good press operation this is usually the best. However, 
subsequent operations such as folding or the end use, as some 
labels, may require that the printer run “‘grain short.” 

Basis weight, of course, will be specified and generally 
causes little trouble, although if a mailing piece is being planned 
the matter of postage should not be overlooked. 

Caliper is a specification that is usually governed by the 
basis weight and finish and most of the time is not of great 
importance to the printer. If the job to be done is a calendar 
pad, a book or similar job, caliper can be the cause of an end- 
less series of headaches. 

Color is another specification that should be understood. 
“White” alone is not enough as there are many shades of 
white. This can probably best be handled by an exchange 
of samples between the printer and the salesman. 
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In considering the matter of paper specifications the printer 
should not neglect the wishes and desires of his customer. 
The whole job can be wasted—paper, ink and press time— 
if a customer suddenly decides that the stock isn’t suitable 
or will not do the job he expected. 

Another very important specification is moisture content 
of the paper. Some lithographic plants are completely air 
conditioned, very many have humidifying equipment that 
enables them to maintain a fairly constant humidity in the 
pressroom during the colder months of the year. If either of 
these conditions exist the printer should specify on his order 
the humidity at which the paper will be run. The mill will 
then be able to make the paper with a moisture content suit- 
able for the specified humidity. More about this later. 

After the paper specifications have been decided on, the 
printer should give some thought to the packing, loading, and 
handling of the paper. 

Carton packs give the utmost protection from the mill to 
the press and frequently the printer can reuse the cartons to 
protect finished work or even work in process. Most printers, 
however, will order paper shipped on skids and this is where 
considerable paper can be wasted or saved depending on the 
amount of thought given when ordering. If the press feed 
equipment permits putting the entire skid into the press as it 
has come into the plant, this should be done. In this event 
it will be necessary to make sure that the paper is not shipped 
on skids that are much larger than the sheet. Generally, the 
skid platform can have a slight margin all around and still 
feed satisfactorily. A slight margin is necessary to give the 
edges of the paper the utmost protection. The runners should 
be placed to run across the press—usually the grain direction. 
They should be high enough so that power handling equip- 
ment can be used but no higher. If skid runners are too high 
they may collapse in transit if subjected to severe shock. 
Where the size of the sheet permits, the runners should be set 
in 3 to din. from the long edge of the skid. This is particularly 
important if space limitations make double tiering of skids 
in storage necessary. Double tiering can be done but should 
be avoided as much as possible to prevent damage and acci- 
dents. The runners should not be set in so far, however, that 
the fork or platform of the lift truck used by the printer will 
not go between the runners. Proper consideration of these 
skid details will possibly save handling the paper unneces- 
sarily, thus saving labor and the sheets that are always dam- 
aged in such handling. The materials used and construction 
of the skids can be left to the mills concerned. They have 
learned from experience the best way to build a skid to pro- 
tect the paper as much as possible. 

While in the pressroom or storage there are a number of 
things that can be done to reduce waste. Perhaps the most 
important single thing would be to educate the paper handlers 
and pressmen about the value of the commodity. By the 
time it gets to the press the value has been increased. It is no 
longer just the cost of the paper. It is the cost plus freight, 
trucking, handling, storage, overhead, etc. The great major- 
ity of pressmen and paper handlers will do their utmost to 
save as much as possible of the paper they handle especially 
if it is pointed out to them that they are the only ones that 
can save it at their particular part of the operation. I have 
found that when they realize that it is a valuable property 
they are handling and not “just a sheet of paper,” efforts are 
increased to save as much as possible. 

The next thing to do is to order paper sufficiently in ad- 
vance so that the mills can give the order proper attention and 
more important—that the paper can be left in the pressroom 
or printer’s storage long enough to bring it into balance with 
the pressroom atmospheric conditions. This may be a week 
or more depending on conditions and seasons. 

A “sword” hygrometer such as introduced by the Litho- 
graphic Technical Foundation is very useful in determining 
the suitability of a specific lot of paper for specific pressroom 
conditions. Generally I have found that printers can handle 
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paper that is on the moist side with greater ease than they 
can handle paper on the dry side. 


It is important to remember that paper is a natural fiber 


that is frequently treated in an unnatural way. The end 
result can be a terrific headache and plenty of waste. From 
actual tests it is known that some “‘free’’ sheets over 60 in, 


long can stretch or shrink a half inch or more in the “grain” | 
direction when exposed to humidity variations of 50% R.A. 


That is, if the humidity changes from 20 to 70% R.H. or vice 
versa the sheet will stretch or shrink about 1/2 in. 

Because of this natural tendency of paper to change in size, 
it is important for all shops, and particularly those not air 
conditioned or humidified, to handle their paper carefully, 
When received in the plant it should be held long enough to 
come to room temperature. The paper handlers and press- 
men, asa matter of habit, should not open more than is needed 
at the moment. In other words, keep it in the mill wrapping 
or cartons as long as possible. 
printing it should have some protection in the pressroom be- 
tween printings. There are plastic covers that can be pur- 
chased and used for this purpose, also rubberized cloth covers. 
If care is used when the skid is first opened, the mill wrapper 
can be cut at the bottom only and then raised up off the skid 
and saved to protect the work after it is printed. If this is not 
feasible, one corner can be slit to remove the wrapper and 
later fastened with tape. 

The important thing is to protect the paper from being af- 


fected by the changes in atmospheric conditions in the plant | 
This may mean a little | 


during the time it is being processed. 
extra work but it will pay off by preventing wrinkled sheet, 
out-of-register sheets, and the resultant waste. 


If it is necessary to run paper that is out-of-balance with | 


pressroom conditions it may be necessary for the printer to 
hang it for 24 hr. or so in order to condition it. This will 
usually do the job and make it possible to get started quickly. 
Careful handling of paper is particularly important if it has 
been exposed to low temperatures for any length of time as in 
transit from mill to the pressroom. Opening the skid or car- 
ton too soon after arrival in the pressroom will result in wavy 
edged paper. This is caused by the moisture in the warm 
pressroom air condensing on the edges of the cold paper. 

Many of the items listed above may seem unimportant or of 
minor importance but during past years many cases of trouble, 
excess waste, and lost press time could have been prevented if 
proper thought had been given to them when the order was 
first placed. 


—by W. Keith Gainer in Share Your Knowledge Review, July, 1954. 


Paper Propucts SURVEY 


Variety stores are by far the most popular outlets for pur- | 


chases of paper products, according to a survey by the Re- 
search Dept. of Curtis Publishing Co. Variety stores are 
patronized by 60% of paper product users, with food-stores 
second in order of popularity, department stores third, and 
hardware and house furnishings stores fourth. 


The survey was conducted by mail in May, 1954, and cov- 
ered 1000 Ladies’ Home Journal subscribers. 
subscribers were selected to parallel geographically approxi- 
mately 3,000,000 subscriber names. Replies were received 
from 648 respondents, a 64.8% return. 


Highlights of the survey showed that 86% of the respond- 
ents currently use shelf paper. Of those who use shelf paper, 
89% use it to cover shelves, 82% use it to line drawers, and 
34% use it to wrap packages. Of those who use shelf paper 
to cover shelves, 19% use the kind with the decorative edge 
that folds down over the edge of the shelf, 35% use the plain 
kind that has no decorative edge but merely covers the shelf, 
and 45% use both types. 


Among total users of shelf paper, 25% buy it once a year, 


47% buy it twice a year, 17% but it three times a year, and 
9% buy it four times a year. The variety store is patronized 
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If it is to have more than one 


| 


Names of | 


TAPPS 


_ by 61% of total shelf paper users. Food stores were men- 
| tioned by 23%, department stores by 14%, hardware stores by 
5%, and house furnishings stores by 3%. It appears there 
has been an increase in the amount of shelf paper currently 
) used compared to the amount used a year ago. Among total 
) users, 13% say they use more today, 7% say they use less, 
| and 75% say they use about the same as they did last year. 
Seven out of ten respondents use paper doilies. Among 
) users of paper doilies, 42% buy them once a year, 30% buy 
_ them twice a year, 10% three times a year, and 17% four 
| times a year. 
Again the variety store is the most popular outlet, men- 
| tioned by 72% of paper doily users as the place they last 
) bought this item .. . 16% said food stores . . . department 
, stores, 11% .. . hardware and house furnishings stores, 2% 
. each. It appears that paper doilies are being used today to a 
» somewhat greater extent than a year ago in that 14% say 
| they currently use more, 10% use less, and 70% use about the 
_ same amount they did a year ago. 
__ One out of three respondents uses paper place mats. Among 
+ users of paper place mats, 38% buy them once a year, 24% 
buy them twice a year, 10% buy them three times a year, 
. and 21% buy them four times a year. 

Among various paperware items, napkins, plates, and 
cups are much more widely used by respondents than are 
/ paper table covers, forks and spoons, or party packs: 


% who bought 


Paperware ttems wn last year 


Napkins 95 
Plates 84 
Cups 77 
Table covers 33 
Forks and spoons 28 
Party packs 22 


i, Burcuers’ Paper 


’ Butchers’ papers are wrapping papers of various construc- 
) tion, types, grades, and finishes, all of which, however, have 
’ certain characteristics in common. They are all designed to 
| give resistance to blood and moisture penetration, to be 
* chemically pure and sanitary, and to have sufficient strength 
' to prevent easy breakthrough by bones. 

To achieve these qualities, butchers’ papers are usually 
© sized with ingredients such as starch, alum, rosin, or a wax 
/ emulsion. They also may be wax-treated with paraffin or 
' paraffin base oil, to increase their resistance to grease pene- 
+ tration. 

The base stock used for butchers’ papers may be sulphite 
pulp or sulphate pulp, or combinations of sulphite and sul- 
4 phate, or sulphite and groundwood pulps. These pulps and 
+ combinations may be bleached, semibleached, or unbleached. 
Butchers’ papers may be dry finished, which gives them a 
relatively rough and unglazed surface, or water or steam 
4) finished, which gives them a smooth, glossy surface and 
) greater density. 

Butcher’s papers are available in manila, white, pink, 

» peach, or unbleached kraft (natural) color. 

The more widely used types of butchers’ papers are: 

i 1. Butchers’ Manila. Made usually from sulphite pulp 

» or a combination of sulphite and groundwood pulps; some- 

+ times it is made from unbleached or semibleached sulphate 

) pulp. Butchers’ manila is usually well sized to provide re- 

4 sistance to grease and blood penetration, and it may be steam 

| or water finished. It is uniformly manila colored. 

| 2. Dry-Finish Butchers’. Made usually from sulphite 

pulp, a mixture of sulphite and groundwood pulps, or from 

‘unbleached or semibleached sulphate pulp. It is well sized 

} and has a dry finish (rough unglazed surface). 

_ 3. Kraft Butchers’. Made entirely, or in part, from sul- 
phate pulp and is manufactured similarly to kraft wrapping 
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papers, with the addition of various sizing ingredients and, 
sometimes, dyes and special protective components suited to 
its particular end uses. 

Kraft Butchers’ may also be semibleached to a light brown 
or fully bleached to white or cream color. There are two 
standard grades of kraft Butchers’: 

(a) Standard Unbleached Kraft Butchers’ grade contains 
90% or more unbleached sulphate fiber and tests 70% or 
less of the basis weight Mullen test, under standard TAPPI 
testing procedure. It also possesses sizing, formation, etc. to 
make it suitable for butchers’ use. 

(b) No. 1 Unbleached Kraft Butchers’ grade contains 
100% unbleached sulphate fiber and tests more than 70% 
of the basis weight Mullen test under standard TAPPI test- 
ing procedure. It also possesses sizing, formation, etc. to 
make it suitable for butchers’ use. All rolls and bundles 
must be designated with the guaranteed Mullen test or the 
words No. 1 Kraft Butchers. 

4. Steam Finish Butchers’. Butchers’ papers which have 
been given a smooth, glossy surface by the application of 
live steam prior to the calendering of the paper are known as 
“steam finished.” 

5. Treated Butchers’. Butchers’ papers which during 
processing have been treated with paraffin, petrolatum, paraf- 
fin base oils or other ingredients for the purpose of increasing 
resistance to grease and moisture penetration are known as 
Treated Butchers’ Paper. These papers are usually em- 
ployed as inner wraps, since the treatment may tend to weaken 
resistance to breaking, or bursting. 

6. Meat Interleaving Papers. Made usually from sulphite, 
bleached or semibleached sulphate, or a mixture of the two 
pulps. It is a tasteless and odorless paper used generally for 
separating steaks or sliced meats, or for inner wraps or liners. 

It is generally used in small sheets, either white, natural, or 
light peach in color. Although it is also provided in rolls and 
large sheets, the most popular sizes are sheets 6 by 6, 9 by 12, 
and 10 by 14 in. The small sheets can be obtained in dis- 
penser packages. 

7. Water Finish Butchers’. Butchers’ paper made from 
a mixture of sulphite and groundwood pulps or from sulphate 
pulps which have been given a hard, glossy surface by the 
application of a fine spray of water or by the moistening of 
the rolls before calendering are known as ‘‘water finished.” 

8. Waxed Butchers’. Made from bleached, semibleached, 
or unbleached sulphite or sulphate pulps and heavily waxed 
on one or both sides. Waxed butchers’ gives a high degree 
of resistance to grease and moisture penetration and is gener- 
ally manufactured in the 40 lb. basis weight only. 

9. Vegetable Parchment. (See ‘‘Vegetable Parchment’ 
category for details of manufacture and sale.) 

Vegetable Parchment is sometimes used by butchers and 
meat packers, usually for interleaving or as an innerwrap 
where its purity, its degree of resistance to grease and oil 
penetration, and its quality of allowing the free passage of air, 
which permits the wrapped product to “breathe,” are valu- 
able in the packaging of fresh meats and poultry. 

Vegetable Parchment can be obtained in large diameter 
jumbo rolls, standard 9-in. diameter rolls, and small “pony” 
counter rolls, 5-in. in diameter, which are sold in widths of 
from 6 to 12 in. Vegetable Parchment may also be obtained 
in many sizes of sheets, ranging from 5 by 61/2 in. (packed 
sometimes in dispenser boxes, 1000 sheets to a box) up to the 
largest size permitted by the full width of 72 in. in the jumbo 
roll. 


Definitions and Miscellaneous Information 


1. Basis Weight. The weight in pounds of 500 sheets, 
24 by 36 in., or 864 sq. in. each. The 40-lb. weight is the 
most popular. 

2. Rolls. Standard roll is the counter roll, 9 in. in diame- 
ter and 12, 15, 18, 20, 24, 30, and 36 in. in width. 
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3. Sheets. Standard size sheets are: 12 by 18, 13 by 18, 
18 by 24, 18 by 26, 20 by 30, 30 by 40, and 24 by 36 in. 

4. Bundles. Sheets are usually packed flat in bundles 
weighing 100 lb. 

5. Special Weights and Sizes. Orders for special weights 
and sizes are usually required to fit machine trims in the 
same grade, basis weight, and diameter of rolls and usually 
require a minimum quantity of 5 tons, or more. 


6. Billing Weights. All butchers’ papers are billed at the 
scale gross weight, which includes wrappers, twine, and plugs. 

7. Commercial Delivery. All shipments of butchers’ 
papers are considered good commercial delivery when the 
actual basis weight does not exceed 5% above or below the 
specified basis weight. All shipments of butchers’ papers in 
excess of 5 tons are considered good commercial delivery if the 
over delivery or under delivery does not exceed 5% of the 
specified tonnage. All shipments of 5 tons or less are con- 
sidered good commercial delivery if the over or under delivery 
does not exceed 10% of the specified tonnage. 


8. Formula for Computing Weight and Yardage. The 
same tables and formulas may be used for these purposes that 
are used for kraft wrapping papers. 


—from American Paper Merchant, August, 1954 


SAMPLING Woop PuLp 


A folding marker gage, giving a commercial and practical 
application to a calculated mathematical interpretation of the 
procedure and rules laid down in Appendix 1 of the Rules 
Booklet issued by the British Paper and Board Makers’ As- 
sociation and the British Wood Pulp Association for the 
sampling and testing of consignments of pulp, has been pat- 
ented. 


This gage has been based upon a calculated mathematical 
interpretation of the aforementioned ‘conditions of pro- 
cedure.” 


The measuring gage comprises a plurality of rules of dif- 
ferent lengths corresponding to the varying heights or thick- 
ness of the bales, each being of a length relatively propor- 
tional to a particular height, in conformity with the aforesaid 
rules. 


The top leading edge of the connected set of rules—hingedly 
connected together along their long sides in order that the 
rules may be folded to enable each scale to be used independ- 
ently from the others—corresponds to the top sheet of the bale, 
the figures 2, 3, 4, 5, and 6 respectively, marked on each rule, 
representing the first sheet positions of each bale (measured 
from the top of the bale) in each group or series of 6 (six) 
bales, when the cycle is then repeated according to the bale’s 
predetermined height. 


Having located the position of the first sheet appropriate to 
the predetermined height or thickness of the bale, the full 
length of that rule applicable to such height is then used as a 
measure to determine the withdrawal points of the next four 
successive sheets to be taken from that bale, thereby con- 
ducting the operational procedure according to the stated 
prescribed rules. 


It is essential that no bands or wires are cut prior to the 
marking off process which might in any way alter the pre- 
determined height. In the case of wrapped bales it is only 
necessary to cut a wire running the length-way of a bale, for 
opening up the bale to facilitate the measuring and marking 
of the sheets to be sampled. 


The hinged scales or rules forming the measuring gage are 
compiled in three sets, each set covering a range of seven dif- 
ferent bale heights or thicknesses at a time, as follows: (1) 
12 to 18 in. over-all bale height or thickness; (2) 19 to 25 
in. over-all bale height or thickness; (3) 26 in. to 32 in. over-all 
bale height or thickness. 
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Aerial view shows 1800-acre site of Bowaters Southern 
Paper Corp.’s new $60,000,000 pulp and paper mill on the 
Hiwassee River at Calhoun, Tenn., 40 miles northeast of 
Chattanooga. Situated in the heart of the Tennessee 
Valley, the giant plant is the third and largest newsprint- 
from-pine mill in the South with an initial annual capac- 
ity of 130,000 tons of newsprint and 50,000 tons of kraft 
pulp. The main manufacturing building in the fore- 
ground houses two paper machines capable of turning out 
newsprint 252 in. wide at the rate of 2000 f.p.m. The plant 
will employ about 750 people 


Patentee: W. S. Walley, M.Sc., A.R.I.C., Sindall and 
Bacon, 42A Buckingham Palace Road, London 8.W.1. 


BowWATERS 


Bowaters Southern Paper Corp.’s new pulp and paper mill 
at Calhoun, Tenn., began production of newsprint from 
southern pine in mid-July, 1954. This new southern plant has 
an initial annual capacity of 130,000 tons of newsprint and 
55,000 tons of kraft pulp. 

It is the third and largest newsprint mill to be built in the 
South, and is the first to be entirely financed by a newsprint 
manufacturer from its own resources. The pioneer mill at 
Lufkin, Tex., built in 1937, and the Coosa River newsprint 
mill at Coosa Pines, Ala., which began operations in 1950, 
were largely financed by the newspaper publishers of the 
South. 

One of the reasons publishers were willing to help finance 
these two mills was to encourage members of the newsprint 
industry to build such plants of their own in the South, and 
Bowaters is the first of these developments. 

In support of the new Tennessee mill, more than 100 South- 
ern newspapers—many of which were formerly supplied from 
Bowater’s huge newsprint mill at Corner Brook, Newfound- 
land—contracted to purchase its entire output of newsprint 
for the next 15 years, thus as- 
suring capacity operation. 

Bowaters Southern Paper 
Corp. is wholly owned by The 
Bowater Paper Corp. Ltd. of 
London, England, one of the 
world’s leading producers of 
newsprint and also a large 
manufacturer of other kinds of 
paper in England. In addition 
to its paper and pulp mills in 
Newfoundland, the organiza- 
tion operates pulp mills in 
Norway and Sweden. The 
kraft pulp produced in the 
new Tennessee mill will be 
shipped to the organization’s 
mills in England. 


Sir Eric V. Bowater, chair- 
man, The Bowater Paper 
Corp., Ltd. 
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It is significant that this world-wide organization should 
turn to the southern United States for its present program of 
expansion in the manufacture of newsprint and pulp. The 
major factor in choosing the southern site for the mill was the 
availability of wood from the vast pine forests of this region. 
A fast-growing species of wood, southern pine trees mature 
to pulpwood size in 25 to 30 years compared to the 70 to 80 
years needed for the growth of northern trees traditionally 
used in the manufacture of newsprint. Because of their 
fast-growth cycle, pine trees in the south can be managed in a 
manner similar to any crop. 


Plans for the mill were first formulated in the early postwar 
years. The 1800-acre plant site on the banks of the Hiwassee 
River at Calhoun, midway between the cities of Cleveland 
and Athens, Tenn., was chosen after an extensive search that 
| spread throughout the greater part of the North American 
continent. More than 150 firms from all over the United 
States were engaged in the two-year construction job. 

The plant is favorably located in regards to rail, highway, 
and inland water transportation, an important element in 
selecting a paper mill site. It is bounded on one side by U.S. 
Route 11 and the Southern Railway System and on another 
by the Hiwassee which is navigable for barge traffic. All 
three methods of transportation are used to bring to the mill 
its daily supply of some 900 cords of pulpwood: by truck from 
nearby areas, by rail from more distant points, and by barge 
throughout the Tennessee River Valley. 

One of the outstanding features at this mill is its gigantic 
wood storage pond, the first large-scale underwater storage 
installation in the world. An enormous bowl—500 ft. across 
the top and 380 ft. at the bottom—the pond holds approxi- 
mately 30,000 cords of pulpwood, enough to keep the mill 
running for about 6 weeks. This method of storage is 
designed to eliminate wood deterioration, and will permit 
Bowaters to take wood at almost any time from farmers and 
landowners in the territory. 

The company will have some 200,000 acres of forest lands in 
Tennessee, North Carolina, Alabama, and North Georgia. 
A program of planting pine seedlings on company-owned 
property was begun several years ago, and by the end of 1954 
close to 10,000,000 of these seedlings will have been set out. 
Since a large part of the mill’s pulpwood requirements will 
be purchased from private landowners, the company is en- 
couraging farmers and wood lot owners in the area to plant 
seedlings. They are being assisted by expert foresters who 
supervise the company-owned lands. 

The plant employs some 750 persons with an annual indus- 
trial payroll of about $3,500,000. In addition, approxi- 
mately the same amount is being spent annually to obtain 
pulpwood, so that for practical purposes there will be some- 
thing in the order of $7,000,000 poured into the economy of 


V. J. Sutton, mill manager 
and assistant to general 
manager 


K. O. Elderkin, vice-presi- 
dent and general manager 
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The gigantic pond in left foreground is used to store wood 
under water at Bowaters Southern’s new mill, in contrast 
to normal mill operations where wood is stored on the 
ground. Designed to eliminate wood decay, a vexing 
problem with southern pine stored outdoors, the pond is 
the first of its kind in the world. It is capable of holding 
30,000 cords of wood, enough to keep the mill running for 
about 6 weeks. Furthermore, it enables the company to 


furnish to farmers and landowners in the surrounding 


territory a year-round market for their pulpwood. Aligned 

with the pond, which is 500 ft. across the top and 380 ft. at 

the bottom, are unloading facilities for rail, truck and 
barge, the rotary barkers and the wood house 


the area annually by this Bowater plant. Many of the key 
personnel are experienced in both the Canadian newsprint 
industry and the Southern kraft pulp industry. For example, 
Karl O. Elderkin, general manager of the mill, was manager 
of the Corner Brook, Newfoundland, newsprint mill prior to 
1938, and since then has been general manager of the Crossett 
Paper Mills in Crossett, Ark. So far as possible, local labor 
is being trained for the various jobs in the mill. 


History 


As early as 1947 the Bowaters organization started a gen- 
eral survey with a view to ascertaining the most suitable lo- 
cation for a newsprint mill in the United States. This sur- 
vey indicated that there is an abundant supply of wood suited 
to their purpose in the southern area of the United States. 
In January, 1951, J. E. Sirrine Co., engineers, of Greenville, 
S. C. were retained to make more detailed studies of several 
sites in the south, which culminated in the Bowaters organiza- 
tion selecting a location on the Hiwassee River at Calhoun, 
McMinn County, Tenn., the site being served by the South- 
ern Railway System. 

This location is situated near important coal fields and has a 
natural gas line nearby. It also offers the facilities for ob- 
taining a large block of power from the Tennessee Valley 
Authority. 

The Bowaters organization filed application for a Certifi- 
cate of Necessity on May 25, 1951, which was approved Feb. 
19, 1952, and immediately thereafter the J. E. Sirrine Co. 
were authorized to proceed with the final design plans and 
arrange for purchase of equipment, site preparation, and con- 
struction contracts, and their supervision. The mill was 
completed and came into operation in June, 1954. 

During the Spring of 1952, surveys were made for the ac- 
quisition of land, the site taking in approximately 1800 acres, 
much of which was obtained from the TVA; and negotiations 
for a power contract were entered into with the TVA for sup- 
plying approximately 17,000 kw. 

Work on the general grading for the pulp and newsprint 
mill began on June 2, 1952, under contract with the Oman 
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General view of the power house showing operating floor 

in the foreground. Two 10,000-kw. turbo generators, G.E. 

control panels shown on right are all centralized in the 
middle of the floor 


Construction Co. of Nashville, Tenn. The first 6 months of 
construction from June to December, 1952 were primarily 
taken up with site grading which amounted to more than 
1,100,000 cu. yd. of earth moving, of which approximately 
260,000 cu. yd. were used in construction of the log pond. 
An additional 520,000 cu. yd. of earth were moved in the con- 
struction of the process waste system, including the reservoir, 
the primary clarifier, and the sludge disposal basin. 

On Sept. 10, 1952, the pile driving operation started and 
these operations ended Feb. 23, 1953, during which period the 
Raymond Concrete Pile Co. had driven 6099 piles for the 
building and equipment foundations. The average length of 
pile was 33.29 ft. and the average sustained rate of driving 
with four rigs was 425 piles per week. 

Foundation work by the general contractor, Fraser, Brace 
and Roane-Anderson was started during the month of De- 
cember, 1952, and during the period of their contract there 
were 46,000 cu. yd. of concrete poured. It is interesting to 
note the sustained rate of pouring during certain periods 
throughout the job, as follows: March 1 through Sept. 15, 
1953, 625 cu. yd. per week; Sept. 15 through Dee. 10, 1953, 
1180 cu. yd. per week; Dec. 10, 1953, through Feb. 19, 1954, 
570 cu. yd. per week. 

A breakdown of the total concrete for the complete job, 
including subcontractors, gives a total of more than 65,000 
cu. yd. as follows: 


Raymond Concrete Pile Co............... 
Fraser, Brace & Roane-Anderson 
Log Pond Bottom Slab 


4,904 cu. yd. 
45,885 cu. yd. 
2,240 cu. yd. 


Stebbins Engineering & Mfg. Co.......... 678 cu. yd. 
W. L. Hailey and Co. (Filtration Plant)... 8,777 cu. yd. 
Omani onstruction: Come aaa 469 cu. yd. 


Brice Building Co. (Facilities Building)... . 
Gunite Corp. (Log Pond) 


Total. 


525 cu. yd. 
1,821 cu. yd. 


65,299 cu. yd. 


The major portion of the concrete used on the job was 
supplied by Cooney Brothers, who were given the contract to 
furnish concrete and equipment to handle same. 

The erection of the structural steel for the mill started with 
the digester and washer and screen rooms. These two build- 
ings amounted to approximately 555 tons, being fabricated 
by Levinson Steel Co. and erected by Eichleay Corp. during 
the months of March and April, 1953. The remaining 7570 
tons of structural steel for the building was supplied by Beth- 
lehem Steel Co., who started erection during the month of 
June, 1953. By the latter part of October, 1953, all steel 
had been erected and bolted in all building areas. 
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Masonry work on the mill was started by the Southern 
Fireproofing Co. in the latter part of May, 1953, on the di- 
gester building and was substantially completed by March, 
1954, with final completion of all masonry work by the middle 
of May, 1954. Exterior walls were 8 in. thick with 4 in. of 
brick and 4 in. of tile. Clear glazed tile was used on most op- 
erating floors, either of buff or green color; and on basement 
floors and above crane rails salt glazed tile was used. The 
total brick on the mill used in wall construction was in excess 
of 1,900,000 units. The tile amounted to over 862,000 units 
with 30,200 units of glass block and 8830 ft. of precast eaves 
being installed. U-drain tile, consisting of Stebbins reject 
tile, amounted to 45,094 units and jumbo brick used in U- 
drains amounted to 36,800 units. 

The Eichleay Corp. was awarded a tonnage price contract 
for the erection of approximately 12,500 tons of equipment 
for use in the manufacturing of pulp and newsprint, recovery 
of chemicals, and handling of wood. The maximum sus- 
tained rate of equipment erection took place between the 
months of November, 1953, and March, 1954, at which time 
Eichleay averaged in excess of 400 tons per week as being 
erected. 

Eichleay Corp. also had the contract for the erection of two 
power boilers, the bark burning boiler, and the recovery 
boiler on a lump sum basis. These boilers are not included in 
the total tonnage figured above. 

The erection of equipment in the wood preparation area 
began rather late in the year of 1953 and extended through 
May, 1954. This was one of the last areas to be started, 
mainly due to the extensive design and fabrication work 
which necessarily preceded the actual construction of the 
wood handling facilities. Asa preliminary to work in the log 
pond area, Eichleay Corp. drove the sheet piling for the center 
caissons and the H-piling for the log pond bridge supports. 
Later they were awarded the contract for the construction of 
the wood unloading dock, which was started in May, 1954. 


The W. L. Hailey & Co. of Nashville, Tenn., was awarded 
the contract for the 25,000,000-g.p.d. filtration plant, the 
4,000,000-gal. reservoir, and the raw water pump house early 
in 1953 and started construction in February of that year, 
completing work in December, 1953. 


The electrical work for the above area was completed in 
March, 1954, and this resulted in the complete water treat- 
ment system being the first portion of the mill to go into opera- 
tion, which was early April. 

The underground fire protection system and sprinkler 
system within the mill were installed by the Grinnell Sprinkler 
Div. Oman Construction Co. installed the remaining under- 
ground work consisting of the storm drainage, sanitary lines, 
and raw and filtered water supply lines to the mill. 

Fischbach & Moore were awarded the contract for elec- 
trical work and actually began work on the job in February, 
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1953. Grinnel Co. installed all process piping and began their 
The maximum force for Fischbach & 
Moore amounted to over 400, and for Grinnell Co. over 430. 
Brice Building Co. of Birmingham, Ala., constructed the 
facilities building. This contract was awarded the latter 
part of April, 1953, and work started in early May. Bo- 


, waters personnel started to occupy the facilities building dur- 


ing the first part of April, 1954. 


The maximum construction force during the job was broken 
down as follows: 


Dmumsirrine @o, PNPiINeers. +. shi cdl ca eae ese De 30 

Fraser, Brace & Roane-Anderson, General Con- 
MBIT CLOTS ee mee Aris fea. ris oak leis sedi svtconha ces, bs 877 

UD COULEAC LOLS MRE AA en RR ao shore tach 1450 


_ The general quantities of materials used in the project were 


4 as follows: 

MCHMRUCraS Nau’ ss sles re icow cede 65,300 cu. yd. 
Somichan sige Rater ts + )2°Gi vivis de rd Be as « 1,915,330 

JUGS, Sy SS 862 , 286 

SPLASSID LOC Ke ernie y oic ee scree eco, sci 30,165 
MBEOCAST ION VCAM ide. . 56 oe ee on ees 8,834 ft. 
‘CLD Gl CAs ei OP ee a 45,094 

BB CSOT ATTN OTIC Ka trys vcd) ce ty sec kite aare ails 36, 842 


Reinforcing steel 
Structural steel 
RENOMCITV ENE a: ose ne west cen wakes 
Roof slabs and roofing 
Walkway slabs 


2,853 tons 
8,256 tons 
6,099 
2,523,000 sq. ft. 
6, 284 sq. ft. 


Associated architects, were Celli-Flynn of McKeesport, 
Pa., for the preparation of the architectural treatment of the 
mill and the design of the facilities building; also Willie 


| Saint-Laurent of Montreal, Canada, acted as a consultant in 


respect to the wood handling. 


_ Capacity 


The initial design capacity is for the production of 125,000 
tons of newsprint per year and 50,000 tons annually of either 
unbleached or bleached kraft pulp for sale. 

The newsprint furnish requires daily approximately 360 
tons of pine groundwood and 120 tons of bleached kraft 
pulp; with the total kraft pulp requirements, including that 
for sale, being approximately 312 daily tons. 

The chemical consumption generally requires per day ap- 


© proximately 20 tons of salt cake, 8 tons of caustic, from 8 to 


18 tons of chlorine, and 14 tons of lime. For the news 
furnish about 4000 gal. of 32° Baumé liquid alum is used, and 
1200 gal. for water treatment; with required quantities of 
limestone, soda ash, and chemicals for slime prevention, color, 


The plant will have between 700 and 750 employees and at 
least an equivalent number will be employed directly or by 
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Interior view of filter plant which has a rated capacity of 
25 million gal. per day 


independent contractors for pulpwood production. Approxi- 
mately three and one-half million dollars will be paid annually 
for wages at the plant; and a similar amount, or more, in 
connection with the wood supply. 


Wood Handling and Preparation 


A total volume of 906 cords of pine per day is used, shipped 
by river barge, railway, and trucks. Unloading of these 
carriers is accomplished as follows: 

Adjacent to the river deck are, in order of their distance 
from the river, the following unloading facilities: a pivoted 
gantry crane which can be equipped with either an orange- 
peel grapple for unloading logs, a hook for handling slings of 
logs, or a clamshell bucket for unloading chips; a graded 
railway siding with car retarders to be used in properly spot- 
ting pulpwood cars by remote control; a pulpwood pit having 
a runway on which is placed an electric pulpwood rake to 
unload cars into the pit; and finally, space for a crawler crane 
equipped with an orange-peel grapple for use in periods of 
maximum wood shipments. A movable multiple-chain feeder 
receives wood from the crawler crane and feeds it onto the 
drum feed turntable. 

Wood is unloaded from barges by the gantry crane and 
may be placed directly on a multichain feeder or into the 
pulpwood pit. Wood arriving in railway cars may be simi- 
larly unloaded, but is more rapidly unloaded into the pit by 
the pulpwood rake. Truck wood can be unloaded into the pit 
by means of either of the cranes or manually or onto the mov- 
able feeder by the crawler crane. 

All wood placed in the pit is rehandled by the gantry crane 
or the crawler crane onto one of the two multichain feeders 
which drop the logs onto a revolving, elevated turntable used 
for final sorting of species and for feeding wood selectively to 
all or any of the three barking drums. This turntable, a 
flat ring in shape, is 60 ft. in diameter and 7 ft. wide, and runs 
continuously. Removal of wood from the table to the bark- 
ing drum feed chutes is by means of hydraulically operated, 
remote controlled blades. 

There are three suspended type barking drums, each 12 ft. 
in diameter by 45 ft. long. Dry method of barking is used, 
with the bark being removed by means of belt conveyors. 
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Unloading pulpwood at a yard of one of the rail shipping 

points in the North Georgia district. The Bowaters Woods 

Department has organized five districts in the Tennessee 

Valley area. The district forester is responsible for both 

procurement activities and the management of company 
lands within his district 


Wood is fed from the barking drums to two parallel cable 
conveyors which run from the drums through the woodroom, 
to the center of a duplex storage pond. These conveyors 
have a figure eight arrangement in elevation so that wood 
loaded onto the lower strand at the drums arrives at the pond 
center on the top strand, and wood recovered from the pond 
and reloaded onto the conveyor starts on the lower strand and 
arrives at the top floor of the woodroom on the top strand. 
The duplicate arrangement of the pond and all equipment for 
storing and recovering wood is due to the necessity of keep- 
ing the wood prepared for the groundwood mill separate. 

At the pond center wood is dumped from the cable con- 
veyor to a 40-it. diameter turntable, and thence is scraped 
onto a revolving stacking conveyer of special design which 
places the wood in a semicircular pile having a central radius 
approximately half that of the pond. The pond itself has a 
total volume under water for 30,000 cords. The recovery of 
wood from the pond is by means of duplicate pivoted gantry 
cranes, each equipped with a hoist, trolley, and special pulp- 
wood grapple. Wood is placed by those cranes onto chutes 
at the center of the pond turntables, from which it is scraped 
off onto the lower strand of the appropriate cable conveyor. 
In addition to conveying the wood from drums to pond and 
from pond to woodroom, the cable conveyors serve as washing 
flumes to insure removal of residual bark and grit both prior 
to storing and upon removal from storage. 

Wood arrives at the top floor of the woodroom on the two 
cable conveyors. Both conveyors unload onto a 40-ft. 
diameter turntable, but at different points on the circumfer- 
ence so that wood for mechanical pulp can be scraped off into 
a butting saw, and wood for chemical pulp can be scraped off 
into the chipper chute. The former operation is the first in 
the sequence, so that logs unfit for mechanical pulp can be 
allowed to pass on to the chipper feed point, or sent back to the 
barking drums by means of a belt conveyor. Logs for me- 
chanical pulp having passed through the butting saw fall into 
a chute feeding a 1900-ft. long flume, which carries them to 
the grinder room where they are elevated from the flume to 
the apron conveyor feeding the grinders by means of two 
chain conveyors; the first of a special design for removing 
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logs from water, the second to accelerate the logs and insure 
proper feeding to the apron conveyor. 

For week-end operation when the drums are down, chutes 
are provided which will allow any partially barked or other- 
wise unacceptable wood to be sent back to the pond via the 
cable conveyors, from either the chipper feed point or from 
the butting saw table. 

Wood for chemical pulp having passed through the chipper 
is fed by belt conveyor to a surge bin with star feeders and 
thence to a pair of chip screens. A uniform feed is accom- 
plished by means of the star feeders. Oversize chips fall into a 
rechipper and are blown back to the surge bin. Fines are 
carried by a belt conveyor to a hog, which also receives the 
fines from the butting saw and the dry bark from the barking 
drums. After hogging, all of this refuse goes by conveyors 
past an emergency outdoor storage point to the power plant, 
where it is burned in a refuse boiler. 

Accepted chips from the chip screens are carried by belt 
conveyors to the chip silos, where distribution into the three 
silos is accomplished by an enclosed scraper conveyor. 
Removal of the chips from the silos is by means of rotary 
plate feeders which discharge onto the first of two belt 
conveyors carrying the chips to the digesters. This conveyor 
carries the chips over a weighing device adjacent to the silos — 
and discharges at the upper floor of the digester building onto _ 
a second belt conveyor, equipped with a tripper for feeding 
the digesters. 

In addition to the equipment for handling pulpwood, a 
complete system for unloading purchased chips from barges — 
and railway cars has been provided, beginning with a con-— 
crete pit into which chips can be placed by means of the crane | 
and clamshell bucket, or dumped from hopper car which — 
can be spotted over the pit, using a car shaker to assist un- 
loading. The entire pit bottom is traversed by a drag chain 
which will carry chips to a belt conveyor, which in turn will 
place them in the surge hopper feeding the chip screens. 
Space for a continuous weighing device has been allowed on 
the run of the belt conveyor. 


Digesters 


For the daily production of 312 tons of raw kraft, there are 
five digesters, 11 ft. 6 in. id. by 48 ft. 3 in., of 3300 cu. ft. 
capacity; with space left in the building for a sixth. These 
digesters are of A-285 Grade “‘B’’ firebox steel and built in 
accordance with Paragraph U-200 of the 1949 ASME Code. 
Additional thickness of shell has been provided to resist 
corrosion. Each digester has a shell thickness of 2 in. and 
weighs approximately 62 tons. The digesters discharge 
through electrically operated blow valves through individual 
lines to a blow tank having a capacity for three blows. 

The blow steam, after passing through a special cyclone in 
the head of the blow tank, goes to an accumulator and blow 
steam recovery system for the heating of the water. 


SS 
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The relief steam from the digesters is carried to individual 
separators, thence to a relief cyclone, condenser, and decanter 
for the recovery of turpentine. 


Wash Room 


The stock from the blow tank is pumped through a spe- 

cially designed trap to the preknotters and three 8 by 16-ft. 
vacuum-type washers. Space has been left in the washer 
building for the addition of a fourth washer in the future. 
The stock from the final washer is delivered by conveyor to a 
high density steel storage tank of 100 tons capacity, equipped 
with dilution nozzles and agitators at the bottom for the re- 
moval of the stock, the consistency of which is controlled at 
' 3'/2% by a pan-type regulator, discharging directly into an 
_ agitated surge and blending chest. 
__ The drop legs from the washers discharge to a weak liquor 
tank, 30 ft. diameter by 35 ft., an intermediate tank 32 by 
35 ft., and a strong tank, 34 by 35 ft. Three black liquor 
tanks, 25 by 30 ft., have been provided for storage. Adjacent 
to these storage tanks is a weak soap collecting tank with con- 
nections at various levels for laundering off any soap that 
would accumulate on the black liquor storage. The soap 
collected in this tank will be pumped at intervals directly to 
the soap storage tank. Foam lines from the liquor tanks go 
to a foam tower, 15 ft. diameter by 60 ft., on top of which is a 
foam breaker. In the strong black liquor filtrate tank a 
screw-type soap skimmer launders off soap and excess liquor, 
which discharges by gravity into the foam tank. Weak soap 
is separated here and also pumped to the soap storage tank. 

The rejects from the preknotters discharge by gravity into 
a black liquor measuring tank, 9 ft. 6 in. diameter by 20 ft. 
high; provided with an agitator and a special pump so that 
the knots are returned to the digester with the black liquor 
fill. White liquor for the digesters is obtained by gravity 
flow from a tank 9 ft. 6 in. by 20 ft., set above the digester 
room floor, receiving its supply from the recausticizing plant 
storage. 

The washers are mounted on the same floor level as the di- 
gester charging floor and are provided with hoods and ex- 
haust fans. A 15-ton hand-operated crane serves the wash 
room. 


Screen Room 


The washed stock is pumped from the surge tank at ground 
level after the high density storage, to a consistency regulator 
and a primary constant level mix tank feeding two primary 
centrifugal screens; the accepted stock from which discharges 
by gravity to two 9-ft. 6-in. by 10-ft. valveless-type thick- 
eners, and thence into a screened stock chest. The rejects 
from these primary screens discharge into a tank 8 by 18 ft., 
from whence they are pumped to another regulator and mix 
tank to a secondary screen. The accepted stock from this 
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A general view of the equipment for dumping wood in the 

storage pond and recovery of stored wood for use. In fore- 

ground is one of the two revolving stacking conveyors. 

In the upper left is shown one of the pivoted gantrys from 
which the grapples are suspended 


latter screen discharges into a tank, 8 by 18 ft., from where it 
is returned to the screened stock chest or directly to the pulp 
drier machine chest. The tailings from the secondary screen 
go to a secondary rejects tank, 8 by 18 f{t.; from whence they 
are pumped through a magnetic separator, then to a drainer 
and a disk-type refiner, thence to the primary rejects tank for 
recirculation and rescreening in the secondary system. 

The screens and equipment are located below the wash 
room operating floor in the same building. 


Bleach Plant 


From the screened stock chest in the wash room basement, 
as much pulp as it is desired to bleach is pumped at regulated 
consistency through brushing jordans to a tonnage control 
unit serving the chlorinators of a three-stage bleach plant. 

The chlorination stage consists of a tile-lined steel tower, 
18 ft. diameter by 61 ft. high, with two-tier arrangement of 
rubber-lined steel circulators and a rubber-covered skimmer 
to the launder at the top of the tower. 

Chlorinated stock is pumped to an 8 by 14-ft. rubber- 
covered single valve vacuum washer, with shredder and con- 
veyor for discharging through the high density double shaft 
mixer of cast iron to a caustic extraction tower of unlined 
steel, 10 ft. diameter by 47 ft. high; with one circulator of 
cast iron and 304 stainless steel construction. 

Stock at the bottom of the caustic tower is diluted to about 
21/.% consistency by nozzles for pumping to a cast iron single 
valve vacuum washer with shredder and conveyor for de- 
livery at high consistency through a double shaft mixer to a 
steel, tile-lined hypochlorite tower, 17 ft. diameter by 17 [t. 
high, provided with two 304 stainless steel circulators. 

At the bottom of the hypochlorite tower, the high density 
stock is diluted by nozzles and pumped to an 8 by 14-ft. final 
vaccum washer with rubber-covered repulper, this washer 
being arranged for use with a future SO», stage, should the 
bleach plant be expanded. 

Stock from the final washer passes through a pan type con- 
sistency regulator which discharges directly into an agitated 
low density tile storage tank, 16 ft. diameter by 18 ft. high, 
from whence it can be pumped either to the newsprint mill 
or to the pulp drier, as desired. 
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The “log pond” at Bowater’s Tennessee mills. In this 
great basin, measuring 500 ft. across the top, 30,000 cords 
of pulpwood are stored under water to prevent the rapid 
decay which would occur if stored on the ground. This 
great quantity of pulpwood is sufficient to meet the mills’ 
requirements for a period of 6 weeks 


The meter box, washer vats, and seal pits are all of struc- 
tural tile construction. 

The seal boxes are on the mezzanine floor, with all of the 
pumps for both stock and white water located in the basement. 

The upper part of the building from the washer floor up is 
totally enclosed, pressurized to eliminate corrosion, with 
exhaust fans for the removal of vapors from the washers and 
towers. Filtered air is provided for air sweeping the instru- 
ments, motors, controls, etc. 

The building has an elevator serving from the basement to 
the three upper floor levels, giving at the same time access to 
the brown stock washers and digester room floors. 

Effluent from the chlorination and caustic stages is carried 
to a tile foam tower, which receives also exhaust fumes and 
foam from the seal pits. 

A glassed-in partition on the operating floor encloses the 
control instruments, test laboratory, and office. 

While the immediate plant is a three-stage for semibleach, 
full provision has been made for adding another caustic, 
hypochlorite, and SO, stage or for chlorine dioxide should the 
mill desire to manufacture full bleach. 


Pulp Drier 


For the drying of the unbleached or bleached pulp for sale, 
a combination high density feltless wet machine and a hot air 
drier is used. 

The wet machine is of the two-press type with vacuum 
forming cylinder, 8 ft. diameter by 156-in. face, and three air- 
loaded press rolls. The first main press has a grooved cast 
iron top roll and bottom roll which is followed by a two-drum 
drier section, 60 in. diameter, and a second press similar 
to the first. 

The drier built to trim 156 in. receives the pulp from the 
second press, with pinch rolls to feed it into the upper section 
of the drier which is divided into nine passes, with the exit at 
the bottom. Forty fans supply’the necessary air circulation, 
with the heaters of the extended surface type and copper 
tubes. 

The fresh air intake to the drier has filters to purify the 
make-up air, and fans have also been provided for-cooling the 
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vestibules. One 14-section economizer arranged for double- 
stage effect is mounted on the roof over the drier and supplies 
some water heating. 

The wet machine and the conveyors of the pulp drier are 
driven by d.c. motors, with the several sections synchronized 
and receiving their current from a single motor generator set. 

Equipment for cutting, laying, and conveying the pulp con- 
sists of a heavy duty cutter arranged to furnish from a 156-in, 
nominal trim five pulp sheets, 311/; by 251/, in., and three 
47 by 53-in. wrappers; the cutter being driven by a doe, | 
motor in conjunction with the drier. Pulp coming from the | 
cutter is delivered to the layboy of the heavy duty type, with 
the sheets carried on a series of narrow belts. The sheets | 
are ejected from the tape unit to form vertical stacks, accumu- | 
lated on the belt conveyor and lowering table. When the 
requisite number of shoots has been accumulated, the table 
lowers to its bottom position and discharges the stacks onto a | 
conveyor, the table then raising to catch the pulp sheets ac- 
cumulated during this operation on automatic fingers. 

From the layboy, conveyors carry the stacks of pulp 
through a single downstroke baling press. The press platen 
is grooved so that stacks of pulp can be tied in the press. 
The conveying system as a whole comprises a 14-ft. swing 
section and storage belt with wrapper pickup, an air float 
scale section, and a hinged roller press discharge section; 
with a gravity roller conveyor to a lowerator stacker which 
delivers the bales to the basement onto a storage conveyor 
30 ft. long. 

A tile chest with a propeller type repulper receives wet 
broke from the wet machine, and a dry pulp broke disinte-_ 
grater is installed in the basement at the cutter to receive dry | 
broke. 

A 20-ton manually operated crane serves the wet machine, 
and a small 5-ton crane the pulp cutting and handling equip- 
ment. 

Storage for a minimum of 800 tons of pulp bales is available 
in the basement, from whence they are handled by lift trucks 
to a train shed for shipment. 


Groundwood 


Logs for the groundwood mill are delivered from a water 
flume conveyor to inclined chain conveyors, discharging onto 
a flat steel apron charging conveyor to the grinders. 

For preparation of groundwood there are eight grinders, 
complete with governors and hydraulic control equipment. 
Each of these grinders is driven by a 4500-hp. synchronous 
motor, equipped with water coolers. 

There are two 20-ton cranes; one for servicing the grinders 
and the other for the grinder motors. 


A vapor exhaust system is provided for the grinders and the 
grinder flumes. 


The groundwood stock preparation equipment consists of 


Joes: Moynihan, ground- 
wood superintendent 


T. C. Bannister, sulphate 
superintendent 


Vol. 37, No. 11 November 1954 TA PPPs 


_ two bull screens, consistency control equipment, four primary 
centrifugal screens, and one secondary centrifugal screen. 

_ A hammermill breaks up bull screen rejects. For further 
_ treatment of these rejects and the screen tailings, three drain- 
_ers and disk refiners are provided. 

Ten 12-in. primary Dirtec and ten 4-in. secondary Dirtec 
units remove the shives and dirt from the groundwood pulp. 
Six groundwood deckers thicken the stock after the Dirtecs 

for storage. 


Stock Preparation 


There are two lines of equipment in the stock preparation 
» room for supplying refined bleached kraft furnish to the paper 
‘machines; one line supplying each machine. Refining of 
) bleached kraft is accomplished by four jordans. One small 
) broke jordan is provided for each paper machine, and one 
-11-ft. 6-in. diameter by 16-ft. vacuum saveall clarifies the 
* white water and thickens the broke from each paper machine. 
4 All stock and white water chests and the saveall vats are 
‘constructed of reinforced structural tile, equipped with pro- 
| peller agitators. 

_ Metering of groundwood, bleached kraft, and broke in 
proper quantities is accomplished through proportioneering 
equipment. 


y 


» Paper Machines 
M Ahead of each paper machine there are five screens and one 
(vibrating rejects screen for final screening of stock. 
| There are two 252-in. newsprint machines, designed for 
yspeeds up to 2000 f.p.m. Stock and color are metered to a 
712,000-g.p.m. fan pump supplying the screens. Dilution 
)water for this stock is obtained from the fourdrinier savealls 
‘that discharge into a tile collector chest. Screened stock is 
“then collected in a deaerating flume and is further diluted 
‘prior to being pumped by a 17,000-g.p.m. fan pump to the 
‘pressurized type headbox, with slice of latest design. The 
‘fourdrinier has a 252-in. wide by 116-ft. long wire and is 
complete with table rolls, suction boxes, and savealls for 
separating the wire drainage from the wire shower water. 
The press section consists of automatic suction pickup 
roll, a suction transfer press, wringer roll, and two straight 
rough suction presses. The drier section consists of 55 
0-in. diameter paper driers and 11 60-in. diameter felt driers, 
Hlivided into four sections. The calender stack is the open 
type, complete with eight rolls. The reel is the heavy duty 
sype, equipped with the latest design of reel brake. The wind- 
»ers are high speed design, complete with shaft puller and roll 
» owering table. 
The newsprint machines are driven by electric sectional 
rives and are complete with drier drainage equipment and a 
arowin system. 

The paper machine vacuum equipment for the couch roll, 
Psuction boxes, presses, transfer equipment, and felt con- 
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A general view of the grinder room. Four grinders are in- 
stalled on each side of the conveyor. All grinder pockets 
are accessible from the one wood conveyor 


ditioners consists of three H-12A, two L-11A, and two K-10A 
vacuum pumps. 

The wire and couch pit is of special design and wet broke 
from the couch flows directly into a tile chest equipped with 
breaker agitation equipment. This chest also handles the 
press broke delivered by a conveyor from the presses. 

A broke disintegrator is provided at the dry end of each 
paper machine for handling broke and winder trim. The 
discharge from this broke disintegrator is controlled through 
extractor plates and dilution is controlled by pressure-type 
consistency regulators. 

The paper machines are equipped with transite hood and 
felt drying systems. Latest improvements in air makeup, 
heating and ventilating, motor cooling, and trim conveying 
systems in the machine room and also the stock preparation 
room have been incorporated. 

A large machine room crane is provided for servicing the 
two paper machines and on each machine there is an individual 
electric crane for transferring rolls from the reel to the winder. 

Newsprint rolls are discharged from the winder onto floor 
type transfer conveyors, where they are rolled into an auto- 
matic roll wrapping machine. From the roll wrapping ma- 
chine the rolls go directly to two roll headers, each equipped 
with scales. Rolls then go to an 18-hr. storage space on the 
second floor. A conveying system conveys and lowers rolls 
from this storage on the second floor to either the storage be- 
low or to a car loading conveyor running the full length of the 
shipping platform. The floor and platform conveyors are 
floor flush type and rolls can be rolled off at any desired place 
for loading to railroad cars by fork trucks. Storage for a 
minimum of 1800 tons of news rolls is available in the base- 
ment, as well as facilities for loading trucks for local shipment. 


Power Plant 


To supply the steam requirements of the mill and 20,000 
kw. of its electrical requirements, a topping cycle has been 
chosen for the power plant. Basically the plant operates on a 
regenerative 2-heater cycle, with make-up varying between 
20 and 50%. 


Steam Generators 


A careful economic study of the proper primary steam 
pressure and temperature resulted in the selection of 875 
p.s.ig. and 825°F. One of the limiting factors in the deter- 
mination of this pressure is the location of the mill in the low 
cost TVA power region. 

Steam at this pressure and temperature is produced in one 
recovery boiler, one bark burning boiler, and two power 
boilers. 
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The eight 4500-hp. synchronizing motors in the grinder 
motor room 


The recovery boiler has a 24-hr. dry solids capacity of 950,- 
000 Ib., or an average steam production of 123,200 Ib. per 
hour. A twin electric precipitator is located at the discharge 
of the i.d. fan. 

The bark burning boiler is capable of producing 125,000 Ib. 
of steam per hour, with either bark or natural gas firing. 
Under normal anticipated conditions there is enough bark 
to maintain about a 68,000 lb. per hour steam load. Only 
when one of the power boilers or the recovery boiler is out of 
service is it necessary to fire natural gas in the bark boiler for 
additional steam. This boiler is equipped with a traveling 
grate and spreader stoker for the bark, and tangential burners 
for the natural gas. The boiler section is of the straight 
through no-baffle type. 

In front of the bark boiler above the firing aisle is a bark 
storage bin of 6000 cu. ft. capacity. Bark is fed from this 
bin into the spreaders by screw conveyors placed across the 
bottom. 

Each of the power boilers is of 150,000 lb. per hour capacity, 
fired primarily by natural gas, with provision for bunker ‘C”’ 
fuel oil firing during periods of natural gas shortage. Under 
normal circumstances these boilers share whatever load is 
required in excess to the bark and recovery production. In 
laying out the auxiliary equipment for these units, provision 
has been made for the possible future addition of coal bunkers 
and pulverizers. The furnaces are provided with hopper 
bottoms to permit the use of pulverized coal without changes 
to the unit proper. 

A complete fuel oil burning system is provided for second- 
ary fuel operation of the power boilers. This includes a main 
oil storage tank, a day tank, an oil pumping and heating set, 
and the necessary oil guns. 


Turbo Generators 


In order to obtain topping power from the process and heat- 
ing steam, two turbogenerators of 10,000 kw. capacity each 
were chosen. 

Turbine 1 has throttle conditions of 850 p.s.i.g. and 825°F., 
automatic extraction at 50 p.s.i.g., and a condenser for 
21/,in. Hg. 

Turbine 2 has the same throttle conditions, with automatic 
extraction at 150 p.s.i.g. and 50 p.s.i.g. back pressure. 
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Steam Distribution 

Two steam pressure levels are needed for the mill facilities. 
They are 150 and 50 p.s.i.g. Extraction and exhaust steam 
taken from the turbines is fed to 150 and 50-p.s.i.g. headers, 
respectively. From these headers steam is taken for the mill 
and for whatever station service is required. Desuperheaters 
are located in the mill take-offs to reduce the temperature to 
just above saturation. ; 

Linking the 850, 150, and 50-p.s.i.g. headers are lines con- 
taining PR stations. These by-pass lines are for the purpose 
of insuring flexibility under any foreseeable conditions. | 

Within the power house there is a 5-p.s.i.g. header, with a | 
by-pass connection from the 50-p.s.i.g. header. Steam for the 
No. 1 feedwater heater is taken from this 5-p.s.i.g. header. | 


Feedwater System 


Make-up water is added to the condensate storage tank 
along with the mill returns and condenser hot well returns. | 
The make-up varies between 20 and 50% of the total feed- | 
water flow, depending on the operating conditions. | 

A condensate pump (with a standby pump) takes water ) 
from the condensate tank and pumps it to the deaerating heater | 
which operates at 5 p.s.i.g. This heater is of the horizontal, | 
tray type, capable of reducing the oxygen content to 0.005 | 
ec. /liter. | 

Water at approximately 228 °F. leaves the deaerating heater | 
and falls to the boiler feed pumps. The feedwater pump | 
raises the water pressure to approximately 1080 p.s.1., which is. 
sufficient to carry the water through the no. 2 heater (closed | 
type), through the feedwater control valves and into the | 
boilers. | 

The no. 2 heater receives steam from the 50 p.s.i.g. header. 
in order to heat the feedwater to 280°F. The condensate | 
from this closed heater is discharged directly into the open | 
heater. | 

The feed pump station consists of three identical pumps, 
each rated at 1200 g.p.m. and 2500-ft. head. The principal 
pump is driven by a steam turbine and an electric motor. 
The other pumps are motor driven only and intended for 
standby service. 

The turbine drive for the feed pump receives steam from the 
150 p.s.i.g. header and discharges it to the 5 p.s.i.g. header, 
which in turn supplies steam to the open heater. A back | 
pressure regulator controls the flow of steam to the turbine, 
which varies the amount of pump load that the turbine can 
handle. | 


To keep the pump up to speed, the motor connected to the 
other extended shaft of the pump takes up the remainder of 
the load. Normally, this motor drive is lightly loaded or 
just floating on the shaft, but whenever the flow of steam to 
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| 
7 flow-gas flow controls for the firing of natural gas from the 


) use by the recovery boiler air soot blowers. 
- discharges at 350 p.s.i.g. and has a storage tank of suitable 


the deaerator falls below that required for full pump power, 
the motor picks up load. 

' The feedwater flow includes that which is necessary for 
‘steam production, plus approximately 1% for continuous 
‘blowdown. The blowdown is flashed at 50 p.s...g. This 
flash steam is piped into the 50 p.s.i.g. header. ; 


\ Air Compressors 


To supply mill and station compressed air, two compressors 
are installed. One of these is in the turbine room and the 
other in the mill. These compressors operate at approxi- 
mately 110 p.s.i.g. and supply all of the plant’s service air 


» requirements. 


A recovery air compressor is located in the turbine room for 
This compressor 


volume to permit full extension and retraction of any one of 
the IK blowers. 

For instrumentation air, one instrument air compressor is 
located in the turbine room and two in the machine room. 
The compressor receivers are joined by a suitable pipe so that 
all three are available for either mill or power instrument 
use. On the outlet connections of these receivers are air 
driers. The instrument air compressors are of the ‘carbon 
ring”’ type so as to not introduce oil into this system. 


. Controls 


The control of the recovery boiler is essentially manual 
|with the exception of a furnace draft control which operates 


»the induced draft fan hydraulic coupling. The rapping 


/ eycle of the electric precipitator is automatically controlled. 
The bark boiler is fired by manually controlling the feeder 

screws. An oxygen recorder is used to assist control of the 

amount of overfire air, and a furnace draft controller regulates 

> the induced draft damper. 

In addition to the above controls the bark boiler has air 


© tangential burners. 


The power boilers are primarily controlled by a steam pres- 
‘sure controller which operates by main steam header pressure. 
/ This enables the power boilers to produce whatever steam is 


) required above the production of the recovery and bark units. 


| The power boilers have automatic controls for the firing of 


Ynatural gas, and remote manual controls for firing bunker “‘C”’ 


fuel oil. 
£ All of the steam generators in the plant have automatic 


q 
' 


) three-element feedwater controls. 


» Electrical Equipment 


For full scale production of the mill approximately 37,000 
“kw. of electric power is required, which includes 20,000 kw. 
for the wood grinding operations. This is obtained from the 


q 
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shipping superintendent 
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The four primary centrifugal screens in the groundwood 
mill 


two turbogenerators operating at their rated output, supple- 
mented with 17,000 kw. from the TVA system. Normally 
the turbines operate in parallel with the TVA system, but 
the electrical system is arranged for independent operation 
with the power from the TVA system being utilized in the 
groundwood area, and the turbogenerator output in the rest 
of the mill. In addition, capacity has been provided in the 
TVA facilities to permit full scale operation of the mill with 
one of the generators out of service. 

Electric power at 13,800 volts, 3 phase, 60 cycles, is dis- 
tributed throughout the mill to the various load centers for 
conversion to utilization voltages. The power supplied by the 
TVA system is delivered to the grinder room substation where 
through two 15,000-kva., 3-phase transformers, 4160 volts is 
made available for eight 4500-hp. unity power factor syn- 
chronous motors driving the grinders; and through two 
750-kva. unit substations, 460 volts is made available for 
auxiliary equipment motors. The power generated with the 
two 10,000 kw. turbogenerators is distributed at 13,800 volts 
to the woodyard, pulp mill, bleaching, stock preparation, and 
machine room areas, where it is transformed to 460 volts for 
motors up to 200 hp., and 2300 volts for motors 201 to 1000 hp. 
capacity. The two turbogenerators and the TVA system are 
interconnected through a synchronizing bus, with complete 
system control located in the power plant. 

The primary control equipment is arranged for simplicity 
and convenience of operation as well as for safety of personnel, 
together with provision for isolation of power sources and 
sectionalizing of the load for other than normal operating 
conditions. The arrangement is flexible in that it readily per- 
mits inclusion of necessary controls for additional power 
sources and load whenever required. 

Primary control equipment was selected on the basis of 
continuous current rating together with the short circuit 
kva. available at the point of utilization; and the whole co- 
ordinated to a 500,000-kva. level. This coordination was 
extended in the selection of unit substations to permit the use 
of 150,000-kva. high interrupting capacity motor starters for 
the 2300-volt motors, and combination magnetic starters in 
motor control centers for the 440-volt motors. 

Use of unit substations together with low voltage motor 
control centers practically eliminates any low voltage power 
distribution. In the case of 2300-volt equipment, the motor 
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Three of the six groundwood deckers appear in the fore- 
ground with a portion of the stock preparation control 
panels immediately behind the deckers 


starters form the low voltage section of the substations; 
hence the motor loads constitute the 2300-volt wirmg. For 
the 440-volt wiring, there are only short stub feeders to the 
motor control centers, and the motor loads make up the bal- 
ance. Local control of the motors is accomplished with push 
button stations placed at the machines with the individual 
starters in isolated control rooms along with the unit sub- 
stations. 

Motor applications throughout the plant are in general 
of the conventional type and require only standard equipment. 
However, the grinder motors are enclosed with built-in air 
coolers, and each of the paper machines is driven with an 
electronically controlled adjustable speed variable voltage 
sectional drive, including multiple generator motor generator 
sets, and 500-volt d.c. adjustable speed, enclosed separately 
ventilated section motors. 

The plant lighting system is sectionalized according to 
departments and locally controlled. In some areas mercury- 
vapor filament combination luminaries are used, and in others 
filament type units; depending upon the process, atmospheric, 
and structural conditions. Power for the plant lighting is 
obtained from the 750-kva. unit substations of the general 
power system and distributed at 460 volts to the area centers, 
where it is transformed to 115/230 volts for the lighting units. 
Illumination intensities vary in different parts, but are com- 
mensurate with the requirements of each area. 


Recovery 


For the evaporation of the surplus black liquor from the 
kraft mill, a six-body, sextuple effect evaporator has been in- 
stalled. The unit has sufficient capacity to evaporate 173,000 
lb. of water per hour; with 34,500 lb. per hour of steam at 35 
lb. gage. 

To condense the vapors from the sixth effect, a surface 
condenser of the vertical type is used, and consumes 1800 
g.p.m. of 70° water, with a temperature rise to 110°. A soap 
skimming tank with a paddle type mechanical skimmer re- 
moves the soap from the liquor between the third and fourth 
effects. 

The chemical recovery unit for the burning and reducing of 
the dry solids contained in the black liquor has capacity suffi- 
cient to burn 950,000 lb. of solids per 24 hours; with a steam- 
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ing capacity of 123,200 Ib. per hour at 875 p.s.i. and 825° 
from the feedwater at 280°. 

Preliminary evaporation on the unit is through a cascade 
evaporator, with wheels 14 ft. diameter by 9 ft. 6 in. face. 
Both f.d. and i.d. fans are driven by motors, the latter having 
a hydraulic coupling for speed control. 

For soot blowing, an air puff system has been furnished for 
the collector zone and the economizer passes, consisting of 16 
heads automatically controlled for sequential operation. In 
addition there are 12 retractable soot blowers for the clearing 
of the screen tubes and superheater elements, all arranged 
for double side installation at six locations. These units are 
air operated with superheated steam for the cleaning medium. 

For the handling of salt cake a pneumatic system is used to 
unload cars and deliver either into storage or the feed hopper 
of the unit. 

For the recovery of salt cake and dust in the flue gases, an 
electric precipitator is furnished and installed as an integral 
part of the recovery building above the cascade evaporators. 
The unit consists of two electrical precipitators enclosed with- 
in a shell structure of combined hollow tile, steel, and re- 
inforeed concrete. Each of these units has an individual 
stack and is so arranged that with one of the units down, the 
other can still be maintained in operation. 

The recovered salt cake from the precipitator is collected | 
and dissolved in four wet bottom pans through which con-| 
centrated liquor is circulated and its chemical strength built 
up. 


Causticizing 


The causticizing plant consists of the following conventional 
systems: green liquor clarification, dregs washing, lime 
slaking, white liquor clarification, and lime mud washing. 
The design capacity is 30,200 cu. ft. per day of white liquor, 
with 8 lb. per cubic foot of total alkali and 7 Ib. per cubic foot 
of active alkali, all expressed as Na,O with a sulphidity of 
30%. The plant can be operated up to a capacity of 38,000 
cu. ft. per day. The white liquor clarifier and lime mud 
washer are of the multiple tray type, while the green liquoi 
clarifier and dregs washer are of the single tray type. 


Lime Reburning 


The lime reburning plant consists of a rotary lime kiln, 9 
by 250 ft., with four supports. At the feed end, a vacuum 
mud filter and a slurry feeder provide a constant rate of feed. 
Fuel for the kiln is natural gas. The design capacity of the 
kiln is approximately 80 tons per day. The kiln can be op- 
erated up to a capacity of approximately 125 tons per day to 
handle peak loads and additional production. Limestone is 
used as make-up and is introduced by a table type feeder to 
the kiln feed conveyor. The limestone is stored in an over- 
head storage bin with a capacity of 47 tons, and provision 
has been made for a ground storage of approximately 100 
tons. The limestone system consists of a track hopper, drag 
chain conveyor, bucket elevator, and necessary chutes. 


Water Supply and Treatment 


The raw water for plant uses is obtained from the Hiwassee 
River, about two and one-half miles above the plant site. 
Vertical submerged type raw water pumps are installed, 
three pumps being used for the initial installation. These 
pumps have a capacity of 6000 g.p.m. each, or a total of 18,000 
g.p.m. The raw water is pumped through 12,000 ft. of 36-in. 
steel pipe, lined and coated, to a treating plant located on a 
hill above the plant site. The treating plant is a modern 
gravity type filtration plant utilizing flash mixing, mechanical 
flocculation, settling and rapid sand filters. The clear well 
for the plant consists of an open, sloping side, concrete: 
lined reservoir with a capacity of four million gallons. 

The rated capacity of the water treatment plant is 2é 
million gallons per day. 

The lower section of the clear water storage reservoir is 
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reserved for fire protection. Due to the elevation of the clear 
water reservoir, a gravity flow is obtained to the mill ; conse- 


quently, no service water pumps are required at the treating 
plant. 


Waste Disposal 


The waste disposal system for the mill consists of a pump 
house for elevating the process waste to a primary settling 
basin. Secondary treatment is obtained in a large disposal 
reservoir with a detention capacity of approximately 24 days 
for the entire mill process waste. The sludge from the pri- 
mary settling basin is pumped to a permanent disposal area of 
' 25 acres, located in a ravine on the mill property. The 

‘primary settling basin for the disposal plant consists of an 
earth lined reservoir, sloping sides, with mechanical rotary 
type sludge collector. The system is laid out for an addition 
/ of future units in the event the mill capacity is later increased. 


| Piping and Instruments 


Plain black steel pipe is used through the digester, wash 
room, and recovery area; also for the feedwater and hot 
condensate service. 

In general, transite pipe is used for all stock and white 
water piping after the washed stock storage chest, and for the 
 groundwood and stock furnish up to the metering stuff 
boxes of the paper machine. From the metering stuff boxes 
to the machine and for the overflow from the screens, the 
pipe is stainless steel. 

For the chlorination stage of the bleach plant, rubber-lined 
pipe is installed. For the caustic stage black steel pipe is 
used; and for the hypo stage, stainless steel. 

For throttling and shutoff service on stock lines, Ferguson 
and Saunders-type valves have been provided; on black 
liquor in the washing and digesting system, lubricated plug 
cocks and stainless trim gate valves; and for white water in 
_ the machine room, all-bronze or stainless steel gate valves. 

The mill is adequately supplied with control instruments. 
In general, the controls for the various divisions of the plant 
are mounted on panels centrally located on the operating floor 

in each building. 
Buildings 

All manufacturing buildings conform to the following gen- 

eral types of construction: 

Foundations are cast in place, concrete piles, 40 ton capac- 
ity, with reinforced concrete pile caps, piers, and grade beams. 
| Lighter structures, tanks, etc., have been placed on reinforced 
1 concrete spread footings with soil value 2500 to 3000 per sq. ft. 
) Approximately 7200 piles were required. 

_ Building frames are of structural steel, connected with 
high tensile strength bolts. Approximately 8000 tons were 
» required for buildings and major structures. 

' For the roof, level precast concrete slabs were used; 20- 
@ year built-up roofing, interior conductors with provision 
+ to maintain 2 in. of water on roof surface for Summer insula- 
« tion. Paper machine, pulp drying, and stock preparation 
) rooms also have 2-in. rigid insulation. 

Exterior walls of all manufacturing buildings are red com- 
mon brick, with small amount of yellow. Exterior of facili- 
+ ties and administration buildings are yellow common brick, 
* with small amount of red. 

To enhance the appearance of the mill, color dynamics 
+ have been applied to a considerable extent, particularly on 
/ equipment where there are about 17 different color schemes 
‘which follow generally a safety code pattern with distinctive 
shades for various portions of the mill, moving parts, etc. 
In conjunction with this, several shades of interior tile have 
4, been used. The basic interior color of the walls is formed 
7 by the use of buff salt glazed tile. The main machine room 
walls, however, are buff ceramic glazed tile with contrasting 

areas of green. These basic colors are used also in the other 


Semi-graphic control panel in the stock preparation room 


by buff, or a basic buff area relieved by green. The power 
plant is treated in a similar fashion, with a basic green ceramic 
tile for the walls. Structural steel column flanges and like 
portions of the building actually forming part of the wall sur- 
faces have been painted to match the tile areas. Exposed 
structural steel throughout the main mill has in general been 
painted yellow to blend with the basic tile colors. 

Continuous belts of glass block are used beneath eaves and 
wherever else required for lighting, with small vision panels 
at eye height at selected points. Continuous belts of adjust- 
able aluminum louvers are used for ventilation. Large areas 
of ventilated corrugated glass top hung sash are featured in 
the grinder room and recovery room. 

Floors are reinforced concrete or welded steel gratings, de- 
pending on use and occupancy. 

Four elevators are provided. These are in the recovery 
room, the bleach plant, the shops and stores building, and the 
shipping and storage building. 

The main manufacturing buildings are approximately 1200 
ft. long and cover approximately six acres under roof, enclosing 
about thirteen million cubic feet of space. The power plant 
group 1s approximately 200 ft. square and covers about one 
acre under roof, enclosing about three million cubic feet. The 
highest structures are the recovery room, approximately 115 
ft. above grade; and the bleach plant, about 95 ft. above 
grade. 

The main mill buildings which face toward the highway are 
treated with red brick, buff brick, and corrugated glass panels 
and glass block to enhance the architectural effect, with an 
illuminated Bowaters sign and insignia surmounting the 
center of this group. 


General Facilities 


A two-story building for shops and stores is located on one 
side of the grinder and stock preparation rooms parallel to the 
servicing tracks. The upper floor with about 20,000 sq. ft. is 
used as the shops, and the basement with the same area for 
stores. At one end of this building where access is available 
by cranes from the machine room there is a roll grinder, 42 by 
280 in.; provision also being made at the same point for load- 
ing out to cars by overhead crane. An 8000-lb. elevator serves 
this building. 

Adjacent to the utilities building is a paved parking area 
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View of the wet end of no. 1 newsprint machine. At the 

extreme right can be seen the control panels installed on a 

flying bridge operated between the headboxes of the two 
machines 


of approximately 300,000 sq. ft., sufficient to take care of 600 
employees’ cars. 

Mill offices of glazed tile are mainly located at one end of 
the shops and stores building where they are central to the 
mill. There are other offices on the mezzanine floor at the 
finishing end of the machine room. 

A laboratory of glazed tile is located at one end of the stock 
preparation room adjacent to the main mill entrance and on 
the second floor. 

The main utilities building of about 12,000 sq. ft. is adjacent 
to the main entrance road and gate, and provides facilities for 
watchmen, first aid, reception room, credit union, personnel 
office, time and payroll offices; also a main locker room of tile 
with provision for 50 foremen and 710 production and main- 
tenance employees. Part of the utilities building houses a 
cafeteria, with a large conference room adjoining it. 

The mill area as a whole is enclosed with cyclone fencing, 
requiring approximately 9000 lin. ft. 

The Southern Railway serves the site with a spur track 
about 1500 ft. long from their main mill line near Calhoun to 
the mill gate. There are approximately 18,000 ft. of track in- 
side the mill area for servicing the plant. 

A complete system of underground storm drainage has been 
provided, with a separate sanitary system and process waste 
disposal as already mentioned. 

Drinking fountains are located throughout the mill, the 
supply being taken through a separate line from the filter 
plant, with provision for chlorination. There is a separate 
compartment in the standpipe at the filter plant for storage of 
this drinking water. 

For mill communication there is a 55-position switchboard 
for outside telephones; also an inter-mill dial system. 

For warehousing, five butler buildings, each 40 by 100 ft. 
have been erected for permanent storage and were supple- 
mented by five additional units for temporary construction 
purposes, giving a total of 40,000 sq. ft. of storage. In addition 
to this there are two 40 by 100-ft. butler buildings at the en- 
trance road which served as temporary Bowaters engineering 
and construction offices. These offices are being used by Bo- 
waters on a semipermanent basis until their main administra- 
tion building is completed. 


—History and Mill Description by D. G. Moon and staff, J. E, Sirrine Co., 
Greenville, 8. C. 


Officers of Bowaters Southern Paper Corp. 


President asnmmenmen er ... Sir Eric V. Bowater 
First Vice-President... .. ane .. A. B. Meyer 
Vice-President and General Manager... K. O. Elderkin 
Treasurer. . : sp it . C. EK. Opdyke 
Secretary...... . D. W. Timmis 


Assistant Secretary. . James G, Cate, Jr. 


116A 


Key Personnel List—Bowaters Southern Paper Corp. 


K. O. Elderkin..... Vice-President and General Manager 

Vee SUtLOI Nee: Mill Manager and Assistant to General 
Manager 

©. E. Opdyke....... Comptroller and Treasurer 

D. W. Timmis...... Secretary and Assistant Treasurer 

Re Re Bdvaraene Woods Manager 

Gok KOOnsHe cree Industrial Relations Manager 

RBs Reid yee ae Purchasing Agent 

W.H. Joubert...... Traffic Manager 

1B), Wie COgaine o Stas oe Chief Engineer 

Vig diy [Raregote gg ao Paper Mill Superintendent 


Sulphate Superintendent 
Technical Service Superintendent 


TAC Bannistereeee: 
JaINe SWwanrtZence eee 


Otha Winningham... Mechanical Superintendent 

18, UR, SARS S ooo 2 2 Power and Steam Superintendent 

de dj, Mioymmlaginy., 5 2 Groundwood Superintendent 

R. L. Martin....... Finishing and Shipping Superintendent 

CH ee Miaka: yee Woodhandling and Yard Superintend- 
ent 

Mende Osborne aereee Electrical Superintendent 


Principal Suppliers of Mill Equipment Bowaters Southern Paper 
Corp. 

Allis-Chalmers Mfg. Co., Milwaukee, Wis.—Vibrating Screens, 
Pumps and Texrope Drives 

American Meter Co., Inc., Philadelphia, Pa.—Meters 

American Monorail Co., Cleveland, Ohio—Ash Handling 
System 

Appleton Machine Co., Appleton, Wis.—Centrifugal Pulp 
Screens, Rewinder 

Askania Regulator Co., Chicago, Ill.—Consistency Regulators _ 

Bailey Meter Co., Cleveland, Ohio—Combustion Control 

Beloit Iron Works, Beloit, Wis.—Newsprint Machines, Wind- 
ers 

Bird Machine Co., South Walpole, Mass.—Bird Screens, 
Dirtecs 

Bristol Co., Birmingham, Ala.—Instruments 

Bristol Metal Products Corp., Bristol, Tenn.—Miscellaneous - 
Tanks and Chutes 

Brooks Equipment & Mfg. Co., Knoxville, Tenn.—Load 
Lugger 

Broughton, A. R., & Co., Glens Falls, N. Y.—Vacuum Con- 
trol Systems 

Buckman Laboratories, Inc., Memphis, Tenn.—Slime Meas- 
uring Units 

Carolina Steel & Iron Co., Greensboro, N. C.—Turntables 

Carthage Machine Co., Carthage, N. Y.—Chipper 

Chain Belt Co., Milwaukee, Wis.—Log and Chip Conveyors 

Chattanooga Boiler & Tank Co., Chattanooga, Tenn.—Mis- 
cellaneous Tanks, Boxes, and Chutes 

Chicago Bridge & Iron Co., Chicago, [].—Shop Built and Field 
Erected Tanks 

Cochrane Corp., Philadelphia, Pa.—Demineralizer, Blow-Off 
Equipment 

Coen Co., San Francisco, Calif.—Pump Sets 

Combustion Engineering, Inc., New York, N. Y.—Power 
Boilers, Bark Boiler, Recovery Furnace 

Continental Equipment Co., Coraopolis, Pa.—Valves 

Daniel Orifice Fitting Co., Houston, Tex.—Orifices 

DeLaval Separator Co., New York, N. Y.—Oil Purifiers and 
Paper Machine Oil System 

Dempster Brothers, Knoxville, Tenn.—Carloaders 

Despatch Oven Co., Minneapolis, Minn.—Oven 

deZurik Shower Co., Sartell, Minn.—Consistency Regulators 

Dings Magnetic Separator Co., Milwaukee, Wis.—Chip Mag- 
nets 

pie ae Supply Co., Ine., New Orleans, La.—Machine 

ools 

Dorr Co., Stamford, Conn.—Causticizing Equipment, Clarifier 

Duriron Co., Dayton, Ohio—Hydraulie Ejector, Pumps 

Karl Paint Co., Utica, N. Y.—Tank Insulation and Protective 
Coating 

Eastwood-Nealley Corp., Belleville, N. J.—Suction Box Con- 
ditioner 

Elliott Co., Charlotte, N. C.—Strainers 

Equipment, Inc., Atlanta, Ga.—Vertical Pumps 

Equitable Equipment Co., New Orleans, La.—Stacks and 
Breeching, Miscellaneous Tanks 

Kriez Mfg. Co., Erie, Pa.—Pressure Magnetic Humps 

Fairbanks-Morse & Co., Chicago, Tll—Pumps 

Falk Corp., Milwaukee, Wis.—Motoreducers 

Farrel-Birmingham Co., Inc., Ansonia, Conn.—Roll Grinder 

Fibre-Making Processes, Inc., Chicago, Ill—Barking Drums 

Fischer & Porter Co., Kingsport, Tenn.—Instruments 

Foster-Wheeler Corporation, New York, N. Y.—Blow Heat 
and Turpentine Recovery Systems 

Foster & Woods, Inc., Nashville, Tenn.—Chip Blowing System 

Foxboro Co., Foxboro, Mass.—Instruments 
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Fuller Co., Catasauqua, Pa.—Airveyor Systems 

General Electric Co., Chattanooga, Tenn.—Motors, Cable, 
Transformers, Paper Machine Drives, Turbogenerators, 
Control Equipment 

General Railway Signal Co., Rochester, N. Y.—Track Re- 
tarders 

General Steel Tank Co., Inc., Birmingham, Ala——H,SO, Tank 

Goslin-Birmingham Mfg. Co., Inc., Birmingham, Ala.—Evap- 
orators 

Graver Water Conditioning Co., New York, N. Y.—Deaerator 
Heater 

Hamilton, J. L., Engr. Co., Charlotte, N. C.—Kiln Lining 

Hanchett Mfg. Co., Big Rapids, Mich.—Knife Grinders 

Harris, R. L., Inc., Knoxville, Tenn.—Pulpwood Rake 

Howe Scale Co., Rutland, Vt.—Truck Scale 

Hydraulic Machinery Co., Ltd., Montreal, Canada—Stock 
Proportioners 

Hydro Silica Corp., Gasport, N. Y—Hydro Oil Pressure 
Cleaner 

Improved Machinery, Inc., Nashua, N. H.—Brown Stock 
Washers and Preknotter, Valveless Vacuum Thickeners, 
Bleachery Equipment and Washers, Feltless Wet Machine, 
Groundwood Deckers, Savealls, Vibratory Screens, Agitators 

Ingersoll-Rand Co., Birmingham, Ala.—Pumps, Air Com- 
pressors 

Jefferson Foundry Co., Birmingham, Ala.—Cable Conveyor 
Equipment 

Jefirey Mfg. Co., Columbus, Ohio—Hammer Mill, Rotary 
Chip Feeders 

Jones, E. D., & Sons Co., Pittsfield, Mass.—Jordans, Broke 
Machinery Disintegrators 

Keystone Engineering Co., Inc., River Rouge, Mich.—Core 
Cutter 

Lamb-Grays Harbor Co., Hoquiam, Wash.—Pulp Cutter, 
Layboy and Conveyors 

Lamson Corp., Syracuse, N. Y.—Paper Roll Conveyors 

Laurel Machine and Foundry Co., Laurel, Miss.—Extractor 
Plates and Frames, Miscellaneous Tank and Boxes 

Link-Belt Co., Atlanta, Ga.—Traveling Screens, Belt Tripper, 
Log Feeders, Turntable Machinery, Screw Conveyor, Log 
Stackers, Cable Conveyor Machinery, Soap Skimmer, 
Limestone Handling System, Gantry Cranes 

Lumus Co., New York, N. Y.—Closed Feedwater Heater 

Manning, Maxwell & Moore, Inc., Muskegon, Mich.—Over- 
head Cranes and Paper Reel Cranes 

May, Stephen C., Atlanta, Ga.—Suction Heaters 

Merrick Scale Mfg. Co., Passaic, N. J.—Weightometer 

Midwest-Fulton Machine Co., Dayton, Ohio—Vapor Cir- 
culating Systems 

Miller Hofft, Inc., Richmond, Va.—Bark Feeder 

Milton Roy Co., Philadelphia, Pa.—Boiler Chemical Feed 
System, Pumps 

Mixing Equipment Co., Inc., Rochester, N. Y.—Mixers 

Montague Machine Co., Turner Falls, Mass.—Grinders and 
Aux. 

Murray, D. J., Mfg. Co., Wausau, Wis.—Digester Stock 
Samplers 

Nash Engineering Co., 
Pump 

National Conveyor & Supply Co., Chicago, [l.—Car Shaker 

Noland Co., Chattanooga, Tenn.—Quaker Conveyor Belting 

North Brothers, Knoxville, Tenn.—Equipment and Piping 
Insulation 

Norton Co., Worcester, Mass.—Pulp Stones 

Oliver United Filters, Inc., New York, N. Y.—Slurry Pumps 

Omega Machine Co., Providence, R. I.—Continuous Bleach 
Lime Slaker met 

Orville Simpson Co., Cincinnati, Ohio—Chip Screens 

Patterson-Kelley Co., Inc., East Stroudsburg, Pa.—Hot Water 
Heater : : 

Pittsburgh Lectrodryer Corp., Pittsburgh, Pa.—Air Drier 

Postell, J. A., Atlanta, Ga.—Hydraulic Equipment 

Purser & London, Inc., Charlotte, N. C.—Heat Exchanger 

Reliance Electric & Engineering Co., Cleveland, Ohio—Pulp 
Drier Drive ’ : 

Robbins & Myers, Inc., Springfield, Ohio—Crane and Hoist 

Roberts Filter Mfg. Co., Darby, Pa.—Water Treatment Plant 
Equipment : 

Ross, J. O., Engineering Corp., New York, N. Y.—Pulp Drier, 
Washer and Machine Hoods, Heating and Ventilating Sys- 
tems 

Sarco Co., Inc., New York, N. Y.—Strainers 

Savage, W. J., Co., Knoxville, Tenn.—Butting Saw and Con- 
veyor 

Simplex Wire & Cable Co., Cambridge, Mass.—Conductors 


South Norwalk, Conn.—Vacuum 


~ Sonoco Products Co., Hartsville, 8. C.—Core Making Ma- 


chinery 


Southern Corp., Charleston, 8. C.—Owen Pulpwood Grapple 


& Chip Bucket 
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for shipment. 


The roll wrapping machine prepares a roll of newsprint 


This machine will wrap the entire produc- 
tion of the two newsprint machines. This is the first type 
of this equipment installed in a U.S. mill 


Southern Elevator Co., Greensboro, N. C.—Building Elevators 

Sprout-Waldron & Co., Muncy, Pa.—Refiners 

S & S Machinery Co., Brooklyn, N. Y.—Machine Tools 

Stebbins Engineering & Mfg. Co., Watertown, N. Y.—Tile 
Chests and Lining 

Toledo Scale Co., Toledo, Ohio—Scales 

Losey Roller Bushing Works, Bath, Me.—Observation Man- 
holes 

Transall, Inc., Birmingham, Ala.—Belt Conveyor Machinery 

Traylor Engineering Co., Allentown, Pa.—Lime Kiln and 
Auxiliaries 

Trimbey Machine Works, Glens Falls, N. Y.—Metering 
Stuff Boxes 

Viking Pump Co., Cedar Falls, lowa—Rotary Pumping Units 

Warren Steam Pump Co., Warren, Mass.—Pumps 

Washington Iron Works, Seattle, Wash.—Pulp Baling Press 

Waterville Iron Works, Waterville, Me.—Chip Crusher 

Wellman Engineering Co., Cleveland, Ohio—Pulpwood 
Grapple 

Western Precipitation Corp., Los Angeles, Calif.—Cottrell 
Precipitators 

Westinghouse Electric Corp., Chattanooga, Tenn.—Welding 
Machines, Motors, Surface Condenser, Transformers, Con- 
trol Centers, Water Coolers 

Whitlock Manufacturing Co., 
Vaporizers 

Williams Patent Crusher & Pulverizer, St. Louis, Mo.—Bark 
Shredder 

Wilhams & Wilson, Ltd., Montreal, Canada—Paper Roll 
Handling Equipment Roll Wrapping Machine 

Worthington Corp., Atlanta, Ga.—Pumps 

Yarnall-Waring Co., Atlanta, Ga.—Digester Blow Valves 


Hartford, Conn.—Chlorine 


Principal Contractors for Mill Construction, Bowaters Southern 
Paper Corp. 
Fraser Brace & Roane-Anderson, New York, N. Y.—Genera! 
Contractor 
Subcontractors: 
Alabama Cement Tile Co., Birmingham, Ala.—Precast Roof 
Slabs 
Alabama Painting & Roofing Co., Fairfield, Ala.—Painting 
Structural Steel 
Asbestos Erectors, Inc., Bound Brook, N. J.—Asbestos Roofing 
and Siding 
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Automatic Heating & Equip. Co., Knoxville, Tenn.—Ventilat- 
ing and Heating Filtration Plant 

Bailes-Sey Contractors, Inc., Jacksonville, 
Sidings (installation) 

Balton & Cummings, Inc., Nashville, Tenn.—House Mark and 
Letters 

Bethlehem Steel Co., Bethlehem, Pa.—Structural Steel 

Brice Building Co., Birmingham, Ala.—Facilities Building 

Caldwell & Posey, Charleston, Tenn.—Haul for Backfill 

Cooney Brothers Co., Tarrytown, N. Y.—Concrete 

Ceco Steel Products Corp., Birmingham, Ala.—Reinforcing 
Steel 

Chattanooga Steel Erectors, Chattanooga, Tenn.—Placing 
Reinforcing 

Currin Co., Chattanooga, Tenn.—Fire Doors 

Cyclone Fence, Div. of American Steel & Wire, Charlotte, 
N. C.—Fencing 

Fichleay Corp., Pittsburgh 3, 
Driving Sheet Piling 

Elevator Service Co., Knoxville, Tenn.—lFErecting Freight 
Elevators Furnished by Southern Elevator Co. 

Emmett, Tom, Knoxville, Tenn.—Cement Finishing 

Fischbach & Moore, Inc., Atlanta, Ga.—Electrical Installation 

Grinnell Co., Inc., Atlanta, Ga.—Process Piping 

Grinnell Co., Inc., Chattanooga, Tenn.—Underground Sprin- 
kler Piping; Sprinkler System, Mulsifyre System for Protec- 
tion of Transformers & Circuit Breakers at Grinder Sub- 
station 

Gunite Construction Corp., New York, N. Y.—Lining Log 
Pond 

Hailey, W. L., & Co., Inc., Nashville, Tenn.—Pumping Sta- 
tion and Filtration Plant Electrical Work—Filtration Plant 

Hale & Wallace, Inc., Chattanooga, Tenn.—Toilet Partitions 
and Tile Floors 

Hauserman, I. F., Co., Cleveland, Ohio—Office Partitions 

Herb Hairell Drilling Co., Athens, Tenn.—Well Drilling 

Knobloch & Co., Houston, Tex.—Finished Painting of Mquip- 
ment and Building Items 

Marshall, Jake, Chattanooga, Tenn.—Sanitary Plumbing 

Miller, J. L., Chattanooga, Tenn.—Lath and Plaster Works 

Oman Construction Ce., Nashville, Tenn.—Water Lines and 
Sewers; Grading; Raw Water Supply Main 

Parks, T. U., Chattanooga, Tenn.—Foundation for Butler 
Buildings 

Pennsylvania Wire Glass Co., Philadelphia, Pa.—Corrugated 
Glass Panels 

Penuel, A. G., Jr., Atlanta, Ga.—Butler Buildings 

Raymond Concrete Pile Co., New York, N. Y.—Piles and Driv- 
ing 

Southern Blow Pipe & Roofing Co., Chattanooga, Tenn.—Air 
Conditioning and Heating 

Southern Fireproofing Co., Cincinnati, Ohio—Brick and Tile 

Southern Railway System, Knoxville, Tenn.—Railroad Siding 
(Materials) 

Standard Iron & Wire Works, Chattanooga, Tenn.—Machine 
Guards 

Tri-State Roofing 
Waterproofing 


Fla.—Railroad 


Pa.—Erecting Equipment; 


Co., Knoxville, Tenn.—Roofing and 


Scorr 


George N. Carleton has been 
elected a director and a vice- 
president of Scott Paper Co. 
In 1944 Mr. Carleton became a 
director and president of 
Detroit Sulphite Pulp & Paper 
Co., all of the assets of which 
were acquired by Scott on 
September 2, and which will 
be operated as a division of 
Seott with Mr. Carleton as 
principal operating executive. 


S. D. WaRREN 


8S. D. Warren Co., Cumber- 
land Mills, Me., is using a 
nuclear gage to trigger an electronic system for controlling 
pulp flow to the paper machine. The average basis weight of 
the sheet is read continuously by a scanning nuclear gage, 
When this average varies from specified tolerances, the gage 
signals the controller, which raises or lowers the stuff gate 


G. N. Carleton, 
Paper Co. 


Scott 


Us A 


accordingly. Manufactured by Industrial Nucleonics Corp., 
Columbus, Ohio, the system is said to have reduced basis 
weight variance appreciably. 


DOWNING 
Phil Bowen has been appointed plant manager of Downing 
Box Co., Milwaukee, Wis. 


Rocky River 


Rocky River Paper Mill, Inc., Three Rivers, Mich., has 
been awarded a plaque by the St. Joseph County Sportsman 
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& Conservation Club for its outstanding contribution to the 
clean water campaign in Michigan. 


St. Reais 


_ The Pulp Division of St. Regis Sales Corp., subsidiary of 
St. Regis Paper Co., opened an office at 1720 Section Rd., 
Cincinnati, Ohio, on September 15. William M. McNair is 
in charge of the new office. 

North Western Pulp and Power, Ltd. recently elected a new 
slate of officers as a further step in connection with the finane- 
ing and construction of a 300-ton bleached kraft mill at Edson, 
Alberta. North Western is jointly owned by St. Regis and 
North Canadian Oils, Ltd. ; 

St. Regis has awarded five undergraduate forestry scholar- 
ships for 1954-55, as part of its scholarship program. Three 
of the awards are made in the South, and one each in the 
Northwest and Northeast. 


Fauus Paper & Power 


More than 7,000,000 gallons of spent liquor from the sul- 


phite mill of the Falls Paper & Power Co., Oconto Falls, Wis., 
has been used this year as road binder by August 25. With 
continuing good weather for road work it was expected that 
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the total might reach 9,000,000 gallons, three times the quan- 
tity used in 1953. 


ALTON 


Alton Box Board Co., Alton, Ill., has developed a new 
corrugating medium known as Cor-U-Cel, that gives straw 
fiber new importance as a paperboard raw material. 


This fourdrinier paperboard machine, longer than a foot- 
ball field, was installed by Alton Box Board Co., Alton, IIl., 
for the manufacture of Cor-U-Cel 


Having determined that the crush resistance of corrugated 
medium is related to pentosan content Alton chemists de- 
veloped a new process to produce pulp from wheat straw with- 
out losing the pentosans present in the straw. After proving 
the process on a pilot plant scale, Alton rebuilt its straw proc- 


From one panel, technicians control the precise process- 

ing, pulping, washing and refining of wheat straw used in 

the manufacture of Cor-U-Cel, a new type of paperboard 
developed by Alton Box Board Co., Alton, Ill. 


essing, pulping, and refining equipment and its no. 3 ma- 

chine. The new machine is a Beloit fourdrinier. 

_  Cor-U-Cel is said to be superior in crush resistance and 
runability to all other media. 

SouTHLAND 


Southland Paper Mills, Inc., Lufkin, Tex., has awarded a 
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contract for the construction of their new no. 3 newsprint 
machine to The Pusey and Jones Corp., Wilmington, Del. 
Delivery is scheduled for early 1956. The machine will be 
the latest high-speed design and construction, wire width 
210 in., equipped with vacuum pick-up attachment and for a 
maximum speed of 2000 f.p.m. This will be the second 
Pusey-Jones machine to be installed in the Lufkin mill. 
Their no. 1 machine was installed January 1940, when the mill 
went into operation. 


Crown ZELLERBACH 


Robert T. Kimberlin has been elected vice-president of 
Crown Zellerbach Corp. and Donald R. Schmidt, formerly 
assistant secretary, was elected secretary to succeed Kimber- 
lin. In his new position Mr. Kimberlin will be responsible 
for organization planning and the development of administra- 
tive procedures. He joined the company as assistant to the 
president in 1938, and was named secretary in 1951. 


RAYONIER 


Rayonier Inc. is a 27-year-old chemical cellulose producer 
accounting for approximately 50% of total United States 
chemical cellulose capacity, 32% of North American capacity, 
and 20% of the world’s. 

With the new Jesup, Ga., mill, Rayonier now operates five 
chemical cellulose plants. Three are in the state of Washing- 
ton at Hoquiam, Shelton, and Port Angeles, while another is 
located at Fernandina Beach, Fla. 

The company owns or controls some 845,300 acres of 
woodlands in the Northwest and Southeast, an area, inci- 
dentally, larger than Rhode Island. Of these extensive tim- 
ber reserves, 462,550 acres are in Georgia and Florida. A 
forestry division scientifically manages these timber stands, 
assuring continued growth and an economic source of cellulose. 
This demonstrates the easy replenishability of this vital raw 
material. 

Rayonier operates a sizable transportation and communi- 
cation system comprising 625 miles of truck roads; a railroad 
system including 225 miles of track, 20 locomotives (from 
45-ton to 131-ton Baldwins), 28 speeders, maintenance yards, 
and roundhouses; eight radio transmitting bases; 80 mobile 
units; a series of tidewater docks at all plants except Jesup. 

Rayonier employment is nearly 4000. For 1953 the com- 
pany sold 404,205 tons of cellulose products, consuming 
434,923,000 board feet of pulpwood. 


GLATFELTER 


P. H. Glatfelter Co., Spring Grove, Pa., experimented last 
Summer with “weather modification” in an attempt to com- 
bat drought conditions which threatened the mill water sup- 
ply. W. E. Howell Associates were engaged to carry out sil- 
ver iodide cloud seeding from the ground and by airplane. 
The experiment was found successful during one 11-day period 
when Spring Grove had 2.33 in. of rain while surrounding 
areas had less than 2 in. 


Brown—I.P. 


Agreement was reached recently for the sale by Brown 
Corp. of its Quebec woodland holdings and bleached kraft 
mill to Canadian International Paper Co., and of its power 
interests to Shawinigan Water and Power Co. The proper- 
ties to be sold to C.I.P. include approximately 2,500,000 acres 
of woodlands and the pulp mill at La Tuque, Que., which has 
an annual capacity of about 165,000 tons of high-grade 
bleached kraft. 


CHARMIN 


Charmin Paper Mills, Green Bay, Wis., expects to start up 
its yeast plant before the end of 1954. Yeast from the plant 
will be marketed by Red Star Yeast and Products Co., Mil- 
waukee, Wis. Total cost of the project is estimated at 
$2,865,000. 
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K-C 

Kimberly-Clark Corp., Madison, Wis., expects to cut its 
bark loss to the river by 70% this Winter, and spent liquor 
outflow will be controlled to maintain a satisfactory dissolved 
oxygen level in the Menominee River. In critical periods the 
mill will practice ponding, irrigation, or possibly even tem- 
porary curtailment of production. 


Ourn Marureson 


The following officers of Olin Mathieson Chemical Corp., 
formed August 31 by the merger of Olin Industries, Inc., and 
Mathieson Chemical Corp., were elected recently: 


John W. Hanes, chairman of the Finance Committee and vice- 
president for finance; F. Stillman Elfred, John C. Leppart, 
Stanley de J. Osborne, executive vice-presidents. Russell R. 
Casteel, vice-president; Norman H. Collisson, vice-president for 
operations; Donald W. Drummond, vice-president for opera- 
tions; R. L. Hockley, vice-president for operations; Russell 
Hopkinson, vice-president for development; Robert W. Lea, 
vice-president for organization; R. B. Lewis, vice-president for 
financial analysis; David T. Marvel, vice-president for sales; 
Milton F. Meissner, vice-president for operations; S. L. Nevins, 
vice-president for operations; Walter I. O’Connell, vice-presi- 
dent and assistant to the vice-president for finance; Fred Olsen, 
vice-president for research; Ralph A. Ostberg, vice-president for 
production; J. J. Toohy, vice-president for operations; Theodore 
Weicker, Jr., vice-president for overseas operations; Hdgar W. 
Taft, treasurer; C. C. Tallman, comptroller; Gordon Grand, 
Jr., secretary; E. R. Van Vliet, assistant treasurer; A. P. Win- 
sor, assistant secretary. 


Olin is the name selected for the site of the new cellophane 
plant to be constructed in Indiana by Olin Mathieson. 


SYNTHANE 


Synthane Corp., Oaks, Pa., has chalked up 25 million man- 
hours with an average accident frequency rate of 5.39. The 
chief hazard in the company’s laminated plastics plant is the 
flammable nature of the resins, solvents, paper and cloth used 
in the process. 

A Kidde automatic system is used for fire protection. Ifa 
fire occurs in one of the impregnating machines, CO, is im- 
mediately directed from 10 discharge nozzles at the surface of 
the bath, completely enveloping and smothering the flames. 
At the same time, an automatic explosion-proof switch shuts 
down all electrical machinery. In addition, a two-source 
water sprinkler system covers the entire plant. 


TRIBUNE 


The Baie Comeau, newest member of the Chicago Tribune's 
paper fleet, was completed recently in Wales, and is now in 
service, carrying newsprint from Canadian mills to the 
Tribune and the New York News. Tenth member of the 
Tribune fleet, the vessel is 259 ft. long with a deadweight of 
3010 tons, a draft of 14 ft. in fresh water, and a loaded speed of 
10!/, knots. 


Union Bac 


The ticklish job of straightening a bent metal shaft, 8 ft. 
long and 11 in. in diameter, which drives a 10-ton chipper 
disk was recently carried out by the maintenance department 
of Union Bag & Paper Corp., Savannah, Ga., at a saving of 
around $20,000. 

The shaft was on the no. 3 chipper in the woodroom, and an 
operating accident had thrown it out of line a little over 82 
thousandths of an inch. 

While such a small bend might not seem important to the 
average person, when the big 700-hp. motor hooked to the 
shaft started turning it at the prescribed 300 r.p.m., it be- 
came obvious that the equipment could not function properly, 
for even a misalignment that slight caused the 110-in. disk to 
run out approximately two thirds of an inch. And such 
heavy equipment must work to very close tolerances. 
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A new shaft and labor cost to put the chipper back in good 
operating condition was estimated at $20,000. This high 
cost plus some typical UB thinking resulted in a trial at re- 
claiming the shaft with a process known as “‘flame straighten- 
ing.” 

‘Here’s how the process works. The shaft was checked very 
closely using dial indicators to determine the highest point of 
the bend. A small spot about 2 in. in diameter was heated to 
a temperature of about 1325° at the high point. This spot 
was allowed to cool slowly and the shaft was again checked, 
The resulting contraction removed 0.0155 in. of the bend 
from the shaft. It was necessary to repeat the heating, cool- 
ing, and checking cycle fifteen times. 


Western MiIcHIGAN 


The following scholarships have been awarded to students 
in the Paper Technology Dept. at Western Michigan College, 
Kalamazoo, Mich. 

Black-Clawson Co. Scholarship, Donald Harbron, Jr.; H. P. 
Broyfoglo Scholarship, Philip R. Carey; Norman Bardeen Schol- 


arship, William A. Foster; Paper and Twine Association Senior 
Scholarship, Leonard Timmer; Paper and Twine Association 


Zi 


Top row, left to right: W.L. Abshire, Jr., L. R. Bortolotti, 
P. R. Carey, W. A. Foster, and Thomas Murwin. Middle 
row: Donald Harbron, Jr., G. W. Lawton, Jr., J. A. Lewis, 
and Terry Lovett. Bottom row: Orrin Parmelee, Donald 
Pryor, Richard Tough, Leonard Timmer, and Terry 


Tiffany 


Sophomore Scholarship, Thomas Murwin; Paper and Twine 
Association Sophomore Scholarship, Donald Pryor; Science 
and Paper Technology Scholarships, George W. Lawton, Jr.; 
Moore and Munger Scholarship, Orrin Parmelee; William 
Slavin-Hawthorne Paper Co. Scholarship, Richard Teugh; 
Charles E. Nolson Scholarship, Terry Lovett; Fred C. Boyce 
Award of the Michigan division, American Pulp and Paper Mill 
Superintendents’ Association, James A. Lewis; Paper and Twine 
Association Salesmanship Award, William L. Abshire, Jr.; Paper 
and Twine Association Sophomore Award, Terry Tiffany; Kala- 
mazoo Valley Section, TAPPI, Senior Student Award, Law- 
rence R. Bortolotti. 


SYRACUSE 


National Starch Products Co., Plainfield, N. J., has 
awarded continuance of a $2500 fellowship to State Univer- 
sity of New York College of Forestry. The fellowship was 
accepted by William J. Andrews for studies on resin additions 
to paper and various beater addition problems. 


U. or MAINE 


The Brown Co., Berlin, N. H., has taken a company 


membership in the University of Maine Pulp and Paper 
Foundation. 
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Stefan A. Zieminski of Zaleszezyki, Poland, has been ap- 


pointed associate professor of chemical engineering at the 
University. 


N. C. Stars CoLtiEce 


The Gardner Board and Carton Co., Middletown, Ohio, 
has made a $1000 contribution to the pulp and paper training 
and research program in the school of forestry at North 
Carolina State College, Raleigh, N. C. 

Robert Grant Hitchings has been appointed assistant pro- 
fessor of pulp and paper technology in the school. 


MAINTENANCE SHOW 


The next Plant Maintenance and Engineering Show will 
be held at the International Amphitheatre, Chicago, Ill., Jan. 
24-27, 1955. 


GURLEY 


W. & L. E. Gurley, Troy, N. Y., has issued a bulletin (no. 
1400) describing Gurley testing instruments and procedures 
for using them. 


GEIGY 


The following appointments have been made by the Paper 
Dept., Geigy Dyestuffs Division, Geigy Chemical Corp: 
John J. De Jongh, Groton, Mass., will continue to call on New 
England accounts and will also cover parts of New York 
State; F. G. Thwaites, Toronto, Ont., will continue to service 
the mills in the Ontario area and also in the West; D. J. 
Nixon, New York, N. Y., will cover paper mills in the Phil- 
adelphia area and will also continue to cover accounts in the 
New York area and act as technical aid and sales consultant 
to L. C. Voss in the Ohio area; H. H. Gottsleben, Appleton, 
Wis., will continue to call on accounts in Wisconsin, Min- 
nesota, and Michigan, and will be assisted by William, A. 
Ludke; Daniel P. Fessia, New York, N. Y., will act as tech- 
nical aid and sales consultant for Charlotte, N. C., and 
Chicago, Ill., branches; and Walter Kenowski will head lab- 
oratory service in New York. 


CiLARK-AIKEN 

Clark-Aiken Co., Lee, Mass., has issued a bulletin deserib- 
ing the new Clark-Aiken Stub Shaft Assembly. 
DOWNINGTOWN 


W. Malcolm Orchard has joined Downingtown Mfg. Co. 
as a sales engineer specializing in stock preparation systems 
and equipment. 


STALEY 


Lester D. Borden has been appointed manager of the Phila- 
delphia office of A. E. Staley Mfg. Co., Decatur, Ill. Natt 


Hammer, A. E. 
Staley Mfg. Co. 


W. M. Orchard, Downing- IG Is 
town Mfg. Co. 
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K. Hammer has been appointed assistant manager of Staley’s 
industrial sales department. 


Dorrco 


The Dorr Co., Stamford, Conn., has redesigned the green 


Left to right: J. D. Hitch, Jr., president; J. V. N. Dorr, 

founder and chairman of the Dorr Co.; and E. R. Ramsey, 

vice-chairman and ex-president, at the presentation of a 

model Classifier to Dr. Dorr on the occasion of the 50th 
Anniversary of its invention 


liquor clarifier in the Dorr Continuous Recausticizing Sys- 
tem, based on the principle of selective density feeding. 
On Aug. 23, 1954, John V. N. Dorr, founder and chairman 


An exact scale model of the first Dorr Classifier 


of Dorreo, was presented by 100 members of his veteran staff 
with a scale model of the first Dorr Classifier in celebration of 
the 50th anniversary of its inception. 


ANTARA 


Joseph P. Madden has joined Antara Chemicals, a sales 
division of General Aniline & Film Corp., as manager of in- 
organic chemicals. 
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E. M. Root, Black-Clawson 


J. P. Madden, Antara 
(Canada) Ltd. 


Chemicals 


BuAcK-CLAWSON 


Upon acquisition of the Bagley & Sewall Co., Watertown, 
N.Y., The Black-Clawson Co. has entered into an agreement 
with the F. W. Roberts Mfg. Co., Inc., Lockport, N. Y., for 
manufacture and sale of the patented continuous Roberts 
Grinder under the Shartle Bros. Division. 

Black-Clawson’s Shartle Bros. Division has introduced the 
Alligator, a new type of stock refiner claimed to give outstand- 
ing performance, particularly with respect to fiber control 
and power economy. 


The Roberts grinder 


The sales and manufacturing agreement between Black- 
Clawson and Alexander Fleck Ltd., Ottawa, Ont., was ter- 
minated on September 30. Black-Clawson has formed a 
Canadian subsidiary, Black-Clawson (Canada) Ltd., with 
offices in the Dominion Square Bldg., Montreal, Que. Cliff 
R. Crawford is president of the subsidiary and Edward M. 
Root is vice-president and general manager. 

Black-Clawson is manufacturing three new products: a 
new size press using two rotochambers, one for loading and 
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B-C size press 


one for lifting; a new magnetic separator for installation in the 


line ahead of refiners, jordans, pumps, screens, or paper ma- 


Black-Clawson magnetic separator 


chines; a new spiro-flow steam joint, featuring a tangential 
spiral steam inlet for driers. 


Black-Clawson Co. Spiro-flo steam joint 
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EGAN 


Frank W. Egan & Co., Bound Brook, N. J., recently sup- 
plied a polyethylene extrusion laminator to Riegel Paper 


The Egan polyethylene extrusion laminator at the Riegel 
Paper Corp. mill at Milford, N. J. 


Corp., Milford, N. J. The new machine produces poly- 
ethylene coated glassine papers with coating thicknesses of 
0.0005 to 0.0015 in. and higher at speeds of 45 to 400 f.p.m. 
in widths up to 42 in. 


EBaAsco 


Ebasco Services, Inc. has opened an office in Portland, Ore., 
under William F. Rooney. 


DiamMonp ALKALI 


Kemble 8. Lewis has been appointed sales manager of the 
Plastics Division of Diamond Alkali Co., Cleveland 14, Ohio. 
Olin Smith replaces Mr. Lewis as assistant branch manager in 
Chicago. 


HONEYWELL 


Minneapolis-Honeywell Regulator Co., Minneapolis, Minn., 
has purchased the assets of Heiland Research Corp., Denver, 


Colo. 


LANGSTON 


Samuel M. Langston Co., Camden, N. J., has completed a 
$250,000 addition to its Camden plant, to house the com- 
pany’s offices and provide additional erection space for Lang- 
ston printer-slotters. 


JOHNS-MANVILLE 


Johns-Manville Corp. opened the largest asbestos mill in 
the world at Asbestos, Que., on Sept. 30, 1954. It will mill 
more than one third of the free world’s supply of asbestos 
fiber, most of which finds it way to the United States to be 
manufactured into scores of essential products for home, 
farm, industry, and national defense. The new mill will re- 
place several existing mills and provide more modern facili- 
ties with increased production capacity at lower operating 
costs. It is the latest project of the Quebec asbestos mining 
industry, which has embarked upon a $70,000,000 program of 
expansion and development of new mines, mills, and machin- 
ery. 

The new mill occupies a 14-story, steel and concrete build- 
ing that has 221/2 acres of floor space. When in full produc- 
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Aerial view of new mill at Canadian Johns-Manville Jef- 


frey Mine, Asbestos, Que., now half completed, also shows 


in the background the town of Asbestos, and other mining 

and milling facilities. At left foreground, is the dry rock 

storage building with a capacity of 60,000 tons of ore; 

beyond are some of the old milling facilities which the 

new mill will replace. In middle center is the headframe 

above one of the two underground mine shafts now in 
operation at the Jeffrey Mine 


tion early in 1956 it will provide additional capacity to reach 
a total annual production of 625,000 tons of asbestos fiber, 
and a daily capacity of 60 carloads aggregating 2500 tons. 
Adjacent to the famous J-M Jeffrey Mine, long known as the 
largest asbestos mine in the world, the new mill will draw on 
ore reserves for more than 100 years of operation at the pres- 
ent rate of production. 

Equipped with the most modern lighting, safety devices, 
and dust control equipment, the new mill is expected to pro- 
vide the safest and healthiest working conditions of any fiber 
mill in Canada or the United States. 

There are 4000 separate dust enclosures, utilizing 4 miles of 
piping and 12 miles of control wiring in the dust control sys- 
tem. It takes 30 acres of cloth to provide bags used in filter- 
ing dust as the ore is milled. When in full operation, the new 
mill will have air handling equipment capable of purifying 
2,500,000 cu. ft. of air each minute. There are 5000 separate 


The open pit 


Open pit mine and plant are shown above. 

mine now accounts for only about 28% of the total as- 

bestos fiber production at the mine, since most ore is now 

produced by underground operations located beneath the 

pit. The plant, in foreground, is the largest in Canada 

devoted to the production of asbestos building and indus- 
trial products and allied materials 
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safety guards on the milling equipment and more than 4600 
fluorescent lighting units. 

In 1953 production of asbestos fiber in Canada amounted to 
911,713 tons at a value of $87,633,124. This was 65% of the 
free world’s asbestos production. Of this output, 97% was 
exported, mainly to the United States. The United States, 
which consumes some 70% of the free world’s production, 
gets 70% of its supply from Canada. Johns-Manville, alone, 
produces more than half of the asbestos fiber mined in Can- 
ada, providing jobs for more than 2600 men and women at the 
Asbestos, Quebec, mine, mill and plant operation with an 
annual payroll in excess of $10,000,000. The company 
operates a second asbestos mine and mill near Matheson, 
Ontario. This is known as the Munro Mine, which produces 
about 25,000 tons of asbestos fiber annually. 

The new mill at Asbestos is constructed of steel and con- 
crete. It is a 14-story building covered with ‘‘Transite”’ 
sheathing—an asbestos-cement product manufactured by 
Johns-Manville. The first half of the building is now com- 
pleted and 25% of the machinery is installed and ready to go 
into operation. The entire project should be completed by 
the Spring of 1956. This new plant incorporates the most 
modern facilities for the milling and production of high qual- 
ity asbestos fibers—an essential objective in today’s competi- 
tive asbestos industry. 

Pertinent construction and operating statistics include: 


1. Dimensions of building: length 432 ft.; width 330 ft.; 
height 195 ft. 
2. Earth excavated for site clearing—300,000 cu. yd. 


Mine shaft head frame, above, is one of two underground 
mine shafts which now produce about 72% of Jeffrey 
Mine’s total asbestos ore production. The method used 
underground is known as block-cave mining. In this 
method a shaft is sunk outside the main orebody to a 
depth of 1000 ft. From this shaft horizontal tunnels are 
cut into the ore body. This is then undercut in blocks 
200 by 200 ft. square. The blocks are as high as a 40-story 
building. Underground at the Jeffrey Mine are approxi- 
mately 30 miles of tunnels from which ore is removed by 
rail to primary crushers more than 800 ft. underground. 
From that point it is hoisted to the surface for “milling 
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2. Tons of structural steel—7700 tons plus 2000 tons in 
chutes and air lines. 
4. Yards of concrete—30,000 cu. yd. 
5. “Transite’’ sheathing—938,000 sq. ft. 
6. Floor area (14 floors)—972,000 sq. ft. or 22'/s acres. 
7. Rubber belting—5.2 miles. 
. Electric conduit—30 miles. 
9. Fiber aspiration piping—7 miles. 
10. Rock and fiber chutes—10 miles. 
11. Dust control piping—4 miles plus 4000 dust enclosures, 
12. Area of cloth bags in dust filter—30 acres. 
13. Control wiring on dust system—12 miles. 
14. Fluorescent lighting—4600 units. 
15. Safety guards on equipment—5000. 
16. Connected horsepower—15,000 hp. 
17. Air consumption—2,500,000 cu. ft. air/min. 
18. Total number of employees (in 1956 )—600. 
19. Yearly production capacity—625,000 tons of fiber. 
20. Capacity in carloads of fiber shipped per day—60 or 2500 
tons. 


In brief, the new mill makes possible more efficient ore treat- 
ment resulting in the production of cleaner fibers, more ac- 
ceptable for certain uses in Johns-Manville plants and con- 
sistent with the latest customer specifications. Embodying 
greatly improved working conditions, it will continue to pro- 
vide a safe and healthy place to work. 


F&P 

The August, 1954, issue of Ratonews, published by Fischer 
& Porter Co., Hatboro, Pa., contains a description of the in- 
strumentation used with the automatic split-stream Zeolite 
water treatment system at the Hellgate station of Con- 
solidated Edison Co. in New York. 

F & P has issued the following pulp and paper industry ap- 
plication bulletins: Flow Measurement and Control in Pulp 
and Paper Mills (90-130-17), Kraft Digester Controls (90- 
130-18), Instrumentation of Black Liquor Evaporators (90- 
130-19). 


HERCULES 


William W. Delaney has been appointed manager, eastern 
division, Joseph M. Carbonera, manager, western hemisphere 
division, and Curtis M. Hinsley, supervisor, European divi- 
sion, of the Export Dept. of Hercules Powder Co., Wilming- 
ton, Del. 

Hercules has issued a technical booklet about the use of 
Dresinate as an emulsifier, detergent, and dispersant in 
soluble oils and cleaning compounds, and a technical booklet 
describing all the products commercially available from its 
synthetics department. 


JONES-FLECK 


E. D. Jones & Sons, Pittsfield, Mass., and Alexander Fleck 
Ltd., Ottawa, Ont., have made a two-way manufacturing and 
sales agreement under which Fleck will manufacture and sell 
Jones equipment in Canada and Jones will manufacture and 
sell the Fleck line in the United States. 


CLEAVER-BROOKS 


Cleaver-Brooks Co., Milwaukee, Wis., has completed ar- 
rangements for the manufacture in Canada of its 30 and 40- 
hp. new CB boiler line. 


APPLETON WooLEN MILs 


F. H. Orbison has been named general manager of Ap- 
pleton Woolen Mills, Appleton, Wis., succeeding A. H. 
Wickesberg, who becomes board chairman. Other new officers 
are: Ann H. Orbison, president, Elizabeth Nelson, vice- 
president, A. H. Thuerer, secretary, and C. P. Heeter, 
treasurer. 


KOHLER 
Oliver C. Tate has been appointed executive assistant chief 
engineer of John B. Kohler, Ltd., Crystal Lake, III. 
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G.E. 


General Electric Co., Schenectady, N. Y., supplied 31/, 
million dollars worth of equipment to the new Bowaters 
Southern Paper Corp.’s newsprint mill at Calhoun, Tenn. 


FULLER 


Fuller Co., Catasauqua, Pa., has issued a bulletin (G-2) on 
bulk pneumatic handling of dry pulverized materials. 
ALBANY 


Albany Felt Co. of Canada, Ltd., has offered Canadian felt 
manufacturers licenses to produce synthetic-content paper 


_machine felts as covered by a patent recently granted to the 


company. The Canadian patent is identical to that granted 
to Albany Felt Co., Albany, N. Y., in 1947, covering the 


use of nylon in papermakers’ felts in percentages from 5 to 


70. 

Employees of Albany Felt Co., Albany, N. Y., were fea- 
tured on the television series, Industry on Parade, during 
September and October, for their outstanding personal sery- 
ice to the community. 


FoxBoro 


The Foxboro Co., Foxboro, Mass., has issued a technical 


New Foxboro magnetic flow meter 


report (TI 27-A-7la) describing its new electromagnetic 
flowmeter for 2 to 8-in. lines. 


PERMUTIT 

The Permutit Co., New York, N. Y., has issued a bulletin 
(No. 2225 B) describing its line of pressure filters and ac- 
cessories. 


LoppELL 

Lobdell United Co., subsidiary of United Engineering and 
Foundry Co., Wilmington, Del., has issued two new bulle- 
tins, one covering the Bridgeport Line of Grinding Machinery 
and one describing the Bridgeport Line of ‘“‘Abrasaw”’ Abra- 
sive Cut-Off Machines. 


(CHEMIPULP 

David M. Shapleigh has been appointed sales engineer for 
Chemipulp Process, Inc., Watertown, N. Y. 
RESEARCH CoRP. 


Eight pulp and paper mills will have added Research Corp. 
precipitation equipment during 1954. Total cleaning ca- 
pacity of the new Cottrells is 1,608,000 cu. ft. per minute. 


| Installations are being made at St. Joe Paper Co., Port St. 
_ Joe, Fla.; Gaylord Container Corp., Bogalusa, La.; Longview 


Fibre Co., Longview, Wash.; National Container Corp., 
Valdosta, Ga.; Rome Kraft Co., Rome, Ga.; Rayonier, Inc., 
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Doctortown, Ga.; Buckeye Cellulose Corp., Foley, Fla.; 
Continental Can Co., Hopewell, Va. 


RayBestos-MANHATTAN 


The Manhattan Rubber Division of Raybestos-Manhat- 
tan, Inc., Passaic, N. J., has issued a brochure (no. 6638) 
describing the Poly-V drive, new multiple-grooved belt and 
V-grooved sheave. 


ALLIED CHEMICAL AND Dyr 


Allied Chemical & Dye Corp., New York, N. Y., recently 
dedicated its new General Chemical Division research lab- 
oratory in Morris Township, N. J. The new $2 million 


General Chemical Research Laboratery, Morris Township, 


N. J. 


facility provides over 55,000 sq. ft. of floor space for research 
work in industrial, scientific, and agricultural chemicals, and 
is directed by J. H. Pearson. 


Rice Barton 


W. Ernest Stone has been appointed assistant sales man- 
ager, paper machinery, and R. Donald Rusden, assistant 
sales manager, textile machinery, for Rice Barton Corp., 
Worcester, Mass. 


RHOopIA 


Warren B. Thompson has been appointed sales repre- 
sentative in the middle Atlantie states for Rhodia, Inc., New 
Modis, IND, YG 


W. B. Thompson, Rhodia, 
Inc. 


W. E. Stone, Rice Barton 
Corp. 
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ARMSTRONG 

Armstrong Machine Works, Three Rivers, Mich., has pub- 
lished a bulletin (No. 266) explaining the principles of the 
new Armstrong syphon scoop for draining cylinder driers. 


MorpEN 


Morden Machine Co. has moved into its own building at 
3420 S. W. Macadam Ave., Portland, Ore. The new struc- 


New office of the Morden Machine Co. 


ture has facilities for all the firm’s administrative, engineer- 
ing, service, and sales staffs, and laboratory space for tests 
with the Morden Slush-Maker. 


Roots BLoweERrs 


Roots-Connersville Blower, a division of Dresser Indus- 
tries, Inc., has published a booklet in celebration of its 100th 
anniversary. The story of the Roots anniversary was carried 
in the June, 1954, issue of Tappi, pages 131A and 132A. 


CRANE 


Crane Co., Chicago, Ill., supplied approximately 250 valves; 
as well as other piping materials, to the Champion-Interna- 
tional Co., Lawrence, Mass., in connection with the modern- 
ization of Champion’s chemical mill, which produces calcium 
carbonate, sodium hydroxide, and calcium hypochlorite. 


WESTINGHOUSE 


A. C. Meixner has been appointed assistant sales manager 
of apparatus products for Westinghouse Electric Corp., 
Pittsburgh, Pa. H.C. McDaniel has been named Westing- 
house manager of technical information. 


MALLINCKRODT 


Charles L. Crump has been named western division sales 
manager in charge of laboratory chemicals for Mallinckrodt 
Chemical Works, St. Louis, Mo. William W. Scott has been 
appointed assistant to Mr. Crump. 


PATTON 


The Patton Manufacturing Co., Springfield, Ohio, machin- 
ery manufacturers specializing in the design and manufacture 
of paper mill and printing equipment, recently established its 
paper mill division as a separate element of the company’s 
organization. 

George S. Herbert, formerly of Ross Midwest Fulton 
Machine Co., is manager of the paper mill division, which now 
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has full-time managerial and techni cal personnel and is de- 
voting its resources to the development, manufacture, and 
sale of paper mill machinery, as well as to modernization and 
rebuilding of existing paper mill equipment. Sales manager 
of the division is Wayne T. Crannell, formerly of Sandy 
Hill Iron & Brass Works, Black-Clawson Co., and Ross 
Midwest Fulton Machine Co. 

Patton has published a book- 
let describing in detail its back- 
ground, facilities, personnel, 
and capacities. 


COWLES 

The Cowles Co., Cayuga, 
N. Y., is manufacturing a new 
machine, the Cowles Selec- 
tive Defiberizer, which, it is 
claimed, defibers screen rejects 
with high efficiency and low 
maintenance. 


Roum & Haas 


Rohm & Haas Co., Phila- 
delphia, Pa., recently reduced 
prices by 21/2 to 3!/. cents per 
lb. on one of its most widely 
used surface-active agents, 
Triton x-100. 


The new Cowles Selective 
Defiberizer 


LINK 


Link Engineering Co., Detroit, Mich., has developed a new 
tension control system, ‘“‘Lod-Cap,” suitable for paper re- 
winding operations. The unit can be installed with a one- 
hour shutdown and is claimed to require little maintenance. 


Consolidated Paper Co. of Monroe, Mich., reports that use 

of the revolutionary Lod-Cap unit on Cameron rewind 

machines has resulted in smoothly flowing production 

with work stoppage due to tension variations or breaks re- 

duced and that paper rolls turned out with the assistance 
of the Lod-Cap are uniformly tight and well-wound 
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LOCAL SECTION ACTIVITIES 


Reports of Meetings, Personnel, and Events 
ee ee eh ae Oe 


Lake States 


The first meeting of the Lake States Section of TAPPI was 
held in Appleton, Thursday, September 23. The meeting was 
_held earlier than usual this Fall so that it would coincide with 
the symposium on the paper machine held at The Institute of 
Paper Chemistry. The meeting was opened to people of the 
symposium as well as Lake States TAPPI members. Total 
attendance approximated 300. 

Among the guests were R. G. Macdonald, who spoke on 
behalf of National TAPPI; Douglas Jones, who brought 
greetings from the Technical Section of the Canadian Pulp 
and Paper Association; Ray De Montigny and Ken Logan 
of Canadian Pulp and Paper Association. J. Richter Salvesen 
introduced the speaker, Borje Steenberg, of the Swedish 
Forest Products Research Institute. 

Mr. Steenberg spoke on ‘‘The Principles of Screening Sys- 
tem Design.” The presentation included a theoretical ap- 
proach to problems of screening based on the concept of a 
charge in any system being a charge divided into an ‘“‘accept” 
and “‘reject”’ portion. He pointed out that perfect separation 
is not compatible with reasonable production goals. The 
degree of productive separation is dependent on the time of 
residence, degree of dilution, and amount of turbulence or 
agitation of the material being screened, as well as geometry of 
the screening device. 

The presentation pointed out that rules of good screening 
require (1) multiple stages for satisfactory rate with adequate 
cleanliness, (2) connection of streams of stock of like cleanli- 
ness independent of consistency, and (3) minimizing of water 
flow in the system. 

Mr. Steenberg pointed out that his presentation included 
portions of several papers which will be published in the near 
future. In view of the pending publication on the studies dis- 


cussed and since the evening’s presentation included excerpts 
of a number of studies, no paper on Mr. Steenberg’s talk is 
available. 

Joun W. Barn, Secretary 


Kalamazoo Valley 


Kalamazoo Valley Section met for a dinner meeting at the 
Hotel Harris, Kalamazoo, on 
September 30, and the speaker 
was A. H. Nissan, research pro- 
fessor of wool textile engineer- 
ing, Dept. of Textile Indus- 
tries, Leeds University, Eng- 
land, formerly technical direc- 
tor and member of the board of 
Bowaters Development and 
Research Ltd. Mr. Nissan’s 
subject was “An Analytical 
Approach to the Problem of 
Drying of Thin Fibrous Sheets 
on Multi-Cylinder Machines.”’ 
This was also the paper he pre- 
sented before the Maine-New 
Hampshire Section. J. A. c 
Dean, chairman of the Local as C1 EEA, uae Dyess 
Section presided. R. T. Trelfa of 8 Tees laters 
was in charge of the program; [Leeds University, England 
about 90 attended. 

The paper was very well received and caused a stimulating 
discussion, in which Mr. Nissan’s fundamental approach 
contrasted with observations from practical experience, one 
serving to interpret the other. It was generally agreed that 


A. H, Nissan, Research 


oF, i . A. Van den Akker, The Institute of Paper Chemistry; H.C. Crandall, Mosinee Paper Mills Co.; K. 
t Ne ne iesecn Pate Products, Ltd.; G. F. Underhay, Bowaters Development and Research Ltd.; Borje Steen- 
berg Swedish Forest Products Research Laboratory; L. A. Moss, Whiting Plover Paper Co.; J. R. Salvesen, Marathon 

5 Corp., R. G. Macdonald, TAPPI; Raimbault de Montigny, E. B. Eddy Co. Ltd.; and Douglas Jones, CPP A 
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J. A. Dean, chairman of the Kalamazoo Valley Section 
and A, H. Nissan 


Local Sections might do well to have more meetings of this 
fundamental type. 
Ropert T. Evras, Secretary 


% 


An Analytical Approach to the Problem of Drying of Thin Fibrous 
Sheets on Multi-Cylinder Machines-Abstract 


A. H. Nissan 


Tue speaker, with his colleague, W. G. Kaye, set out to 
follow the paper web from the instant it first touches a drying 
cylinder until it finally emerges from the last drier and to cal- 
culate its temperature and moisture content at every point of 
its path. In this there were three difficulties to be resolved: 
(1) the process was found to be physically an extremely com- 
plicated one, (2) the mathematical treatment was likewise an 
involved system of differential equations which could not be 
integrated readily, and (3) many of the parameters which 
the treatment demanded were not known with sufficient ac- 
curacy. 

To overcome these difficulties it was found necessary to 
introduce several simplifying assumptions and to use some 
“intelligent guesses” in choosing the value of parameters or of 
certain functions. The device was also employed of dividing 
the drying section into successive “cycles” each consisting of 
one cylinder and the space between it and the next succeeding 
cylinder. The cycles themselves were then divided into four 
phases or zones. Phase I began with the paper touching the 


A. H Nissan, Research Professor of Wool Textile Engineering Department 
of Textile Industries, The University, Leeds, England. 
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Scene in Hotel Harris, Kalamazoo, during the meeting of 
the Kalamazoo Valley Section, Sept. 30, 1954 
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A. H. Nadelman, Western Michigan College, A. H. Nissan, 
Leeds University, England; R. T. Elias, Western Michigan 
College 


cylinder and ended when the felt first touched the paper. 
Phase II followed phase I and ended when the felt parted 
from the paper. Phase III followed and ended when the 
paper left the cylinder. Phase IV comprised the period when 
the paper was in free air between cylinders. Calculations 
were made for each phase separately and in this way sufficient 
simplification was introduced to make the equations manage- 
able. 

Having obtained relatively simple formulas, these were then 
applied to calculate what took place in a machine running at 
900 f.p.m. making newsprint and magazine paper. Calcula- 
tions were made successively for each phase of 35 cycles and 
the temperature, average water loss per phase and per cycle, 
and the sheet water content were calculated for the entire 
length of the drying machine. 

In view of the many assumptions and simplifications made 
in deriving and applying the equations, the validity of the 
method and of the results obtained had to be established be- 
fore they could be usefully discussed. It 1s concluded that 


the calculations are valid in so far as giving the values to be | 


obtained average over a period of time and also averaged for 
the whole width of the sheet. Without further exact knowl- 
edge it is not possible to calculate the values obtaining at a 
particular point across the machine and at a particular time. 
The curves obtained by means of these equations are then 
discussed in some detail. 
lows a zig-zag pattern of continuously changing dimensions. 


The temperature curve starts with a large upswing and a small | 


downswing in the first cycle; the upswings tend to decrease 


and the downswings to increase until they equate (about the | 


fifth cylinder) and keep equal for a few cylinders; then both 
begin to increase and the over-all temperature swings get in- 
creasingly wider till about two thirds of the way down the 
drying section; after that the downswings begin to decrease 
and the average and maximum temperatures steadily rise; 
finally both up and downswings decrease in magnitude to 
give a relatively small oscillation in temperature when the 
sheet is near the end of the drying section of the papermaking 
machine. 


The rate of water loss per phase and per cycle show similarly 
continuous changes. The rates rise with each succeeding 
cycle at an increasing slope until they reach peaks nearly two 


thirds of the way in the drying section when they begin to de- | 


crease until they level off at very low values. A discussion 


on how to increase the over-all rates of water removal suggests | 
that improvements may be achieved in the earlier parts of the. 


drying section by improving the rate of heat transfer, by using 
higher steam pressures, or by blowing air in opposition to the 
flow of the sheet. All these factors, however, are limited by 
economic or papermaking considerations. 
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Finally, it is noted according to the analysis, that although 
the sheet spends 60% of its time of drying in phase II, little 
or no water actually leaves the sheet in phase II when the felt 
covers the sheet. At least, the total drying can be accounted 
for by the evaporations that the calculations show to take 
place in phases I, III, and IV when the sheet has a minimum 
of one side exposed to the air. This fact, in itself, would have 
been of little significance because the major rise in temperature 
of the sheet, which is the root cause of the drying action of the 
section, takes place in the second phase. (Thus, the felts are 
contributing to the drying—even according to the analysis— 
by ensuring a high rate of heat transfer.) What makes this 

finding significant is that it is in conflict with previous ex- 
perimental findings by Sherwood and his co-workers and by 
Smith and Attwood that as much as 60 to 80% of the total loss 
of water in the early parts of the drying section must take 
place when the felt covers the sheet. These experimental 
observations were made on slow-speed machines, and there is 
strong evidence that the water must leave the sheet in the 
liquid state. Consequently, it is suggested that on medium 
and high-speed machines the felts must be in a set of con- 
ditions which are not conducive to liquid absorption (and 
later evaporation from the felts). It is therefore recom- 
mended that an increase in the rate of drying of a machine may 
be achieved if a new type of felt is developed with particularly 
enhanced water absorbing properties on one side and with an 
open texture on the other side, to facilitate evaporation, and if 
additional provisions were made to dry the felt between indi- 
vidual cylinders and before its return to meet the wet paper. 
Thus water would be removed mechanically from the very 
wet sheet and dried off the felt at a higher rate than is pos- 
sible in drying the sheet itself directly. Again economic con- 
siderations would, of course, be the final arbiters. 


Delaware Valley 


The September meeting of the Delaware Valley Section was 
held in Chester, Pa., on Sept. 16, 1954. Through the efforts of 
Edward Molin, first vice-chairman, and Phillip Nethercut, 
second vice-chairman, a very interesting meeting was ar- 
ranged. 

A plant visit to the Scott 
Paper Co. in Chester brought 
out some 190 members and 
guests during the afternoon 
plant visit. The meeting was 
held at “The Clubhouse’’ in 
Chester and featured a wel- 
coming address by J. L. Ober, 
vice-president of the Scott 
Paper Co., and a very interest- 
ing technical paper on the 
drying of paper which was 
presented by Alfred Nissan, 
professor of textile engineer- 
ing at the University of Leeds, 
England. 

Mr. Nissan’s paper will be 
published in Tappi. 

The next meeting of the Delaware Valley Section will be 
held on Dec. 10, 1954, at the Engineer’s Club in Philadelphia. 
This meeting will consist of a panel discussion on “The Latest 
Developments in Beater Additives.” 

Cari F. ACKERMAN, Secretary 


J. L. Ober, Scott Paper Co. 


Empire State (Metropolitan District) 


_ The first dinner meeting of the Metropolitan District, 
‘Empire State Section of TAPPI, was held at 6:30 p.m. on 
Tuesday, Sept. 14, 1954, at Fraunces Tavern in New York 
City. About 80 members and guests were present to hear an 
interesting paper presented by Walter L. Hardy, director of 
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M. M. Muntz receiving the Edward J. Albert Award Plaque 
from P. H. Glatfelter IIT, president of P. H. Glatfelter Co., 
at Spring Grove, Pa. Each year the Delaware Valley Sec- 
tion of TAPPI sponsors a competition among the younger 
members of the section for the best research paper. E. J. 
Albert, president of the Thwing-Albert Instrument Co., 
Philadelphia, is a charter member and past chairman of 
the Delaware Valley Section. Pictured (reading from left 
to right) are A. G. Dreis, F. J. Lovegren, M. M. Muntz, A. 
J. Luettgen, and P. H. Glatfelter III, all of the P. H. Glat- 
felter Co. 


engineering for Foster D. Snell, Inc. on ‘‘Practical Examples 
in the Development of Paper Coatings.” 

Mr. Hardy pointed out that the numerous raw materials 
now available to the coating formulator permit the production 
of practically limitless variations in the functional properties 
of coated and laminated papers. The big problem is often to 
arrive at some compromise when a series of functional prop- 
erties are required in one sheet. 

Mr. Hardy described briefly some of the new materials 
available and, in more detail, how they were applied to pro- 
duce predetermined properties in the finished product. In- 
cluded were methods to produce grease resistance, high and 
low water-vapor and selective gas permeabilities, wet 
strength, light resistance, and many other functional proper- 
ties. 

The talk was followed by an interesting question and an- 
swer period in which the economic factors affecting the use of 
these new materials was discussed. 

L. E. Georeevirs, Publicity Chairman 


Some of the members of the Delaware Valley Section at 
“The Clubhouse,”’ Chester, Pa. 
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Empire State (Central District) 


The first Fall meeting of the Central District was held at 
the University Club with 124 in attendance. 

The after-dinner program began with the introduction of 
the following persons at the head table: F. W. O’Neil, chair- 
man; Durward Geffken, vice-chairman; Mr. and Mrs. Wil- 
fred Gallay, director of research, The E. B. Eddy Co., Hull, 
Que.; Harry M. Gray, past chairman; H. D. Cook, past 
chairman; Fred Sommerville, Empire State Section chair- 
man; and $8. E. Church, secretary-treasurer. 


Wilfred Galley, E. B. Eddy Co.; D. B. Geffken, Oswego Falls 
Corp.: F. W. O’Neil, College of Forestry, State University 
of New York; and H. M. Gray, Oswego Falls Corp. 


Mr. Geffken introduced Mr. Gallay who spoke on ‘The 
Development of Strength on the Paper Machine’ with 
particular emphasis on the nature of interfiber bonding forces 
and their effect on sheet strength development in the range 
of 15 to 40% solids content. He included a brief summary of 
their work on wet-web strength, which was first given at the 
February, 1954, New York TAPPI meeting. An additional 
paper given at the recent Symposium on the Fundamentals of 
the Paper Machine at Appleton, Wis., is expected to be pub- 
lished in the November and December issues of Tappt. 
The need for a more fundamental understanding of strength 
development was stressed, especially in regard to stock prepa- 
ration. A brief discussion followed. 

S. Earuy Caurcnu, Secretary-Treasurer 


Lake Erie 


Following is a transcript of the talk given by L. W. Helmick 
of the industrial engineering firm of Helmick and Associates to 
the Cleveland meeting of the Lake Erie Section of TAPPI 
at the Carter Hotel, Cleveland, Ohio, at 8:00 p.m., Sept. 10, 
1954. 


Industrial Engineering Offers New Tools to the Paper Industry 
L. W. Helmick 


Wiru the old type of incentives, generally of the piece 
work type, standards were set by past historical production, 
foremen’s guess, or by time study. 

The modern trend, of course, is to use time and motion 
analysis as a basis. Standards from these time and motion 
analyses are developed into tables called standard data. 
Standard data are the result of determining what causes the 
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time to vary between one product and another, plotting the 
amount of difference and the cause of the difference on graphic 
charts, and establishing by element complete standard times 
covering all of the possible variations and specifications of 
material on a specific operation. 

The method of establishing standard data by element 
necessitates an accurate analysis of all phases of the operation 
so that the labor utilization is greatly improved. In other 
words, any idle time is utilized where possible, the method 
of doing the work and the method of flow of material are 
studied at the same time that the actual time requirements are 
analyzed. This makes it possible to obtain a much higher 
degree of labor utilization and also to improve methods wher- 
ever such improvements can be made without major altera- 
tions. The major alterations, of course, are usually handled 
as an entirely separate proposition through request for capital 
expenditures. 

Standards are expressed in terms of time rather than money 
because the amount of time required to perform work re- 
mains the same even though the rates may go up or down 
annually because of inflationary or deflationary economic 
conditions. The only time the standard time requires altera- 
tion is when the product, methods, or equipment are altered 
so that revision to the actual time required is justified. 

Indirect labor is usually measured in either one of two ways: 
by direct output of the indirect worker, such as the time re- 
quired per thousand pieces per skid handled, etc., or by a 
ratio of indirect hours to the direct hours serviced. For ex- 
ample, it may be found that one trucker should service ten 
machines. This can be determined by actual time study of 
the trucker so that there is an accurate measurement of the 
service time required for each operating machine. It is cus- 
tomary to use incentive for indirect workers so that it is made 
worth their while to render the best possible service to the 
maximum number of direct workers. 

Production standards can be used in quite a wide variety 
of ways. The way we usually think of their use is for incen- 
tives to control the direct labor cost. This, of course, is the 
most immediate use that should be made and probably the 
most advantageous in many ways. However, it is also pos- 
sible to use standards to determine what the actual costs are 
for each product and by this determination, it is possible to 
tell what the pricing should be and by adding the proper per- 
centages, the profit of the operations can actually be controlled. 
This is something that is rather difficult to do without ac- 
curate standards so that what the costs are for each product 
can be determined correctly. 


The standards can also be used to determine how long each 
product should take on each operation that it passes through 
for purposes of planning production. In other words, for 
scheduling the processing of orders through the plant, deter- 
mining when they will be finished so the proper delivery date 
can be quoted to customers, determining the machine loading 
according to the capacity of the various equipment so that 
idle time in the manufacturing processes is sure to be mini- 
mized and so bottlenecks can be prevented by not scheduling 
too much material for a specific operation at any one time. 

The standards can be used for two types of cost. Number 
one is the cost by product already mentioned; the other is the 
relationship of actual departmental manufacturing cost to the 
standard cost for the same work. This is very effective as a 
management operating tool to keep manufacturing costs in 
line with what they should be. 

It is possible to set up budgets or supervisory cost control 
based on the past history of what the various controllable costs 
have been. This plan is used primarily with incentive to get 
the key personnel on the ball and have them do the very. 
best job of controlling costs of which they are capable. This 
plan should be used as a group incentive so that all of the fore- 
men work together as a team, working toward the common ob- 
jective of a better operating cost picture. This is absolutely 
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essential because any other type of supervisory incentive will 
_ make each foreman try to shove bad material off on the fore- 
_ men of other departments rather than working together as a 
| team which is the desirable objective. 


The supervisory incentive system is supplemented by meet- 
ings where the supervisors are induced to discuss their 
operating problems and try to reach a common solution, 
with every member of the group participating in trying to 
solve these problems. At these meetings cost figures are 
| furnished to each supervisor so that they can discuss the cause 
| of the cost picture on each item, trying to find a way of re- 
» ducing each cost and automatically becoming very cost con- 
» scious. They also bring out their ideas for improvements to 
© operations at these meetings. It is here that the good ideas 
_ for improvement are separated from the impractical ones, 
* because the group is usually very critical of any suggestion 
+ made by any member so that the recommendations to man- 
+ agement are usually boiled down to only those feasible, 
© practical things which should be done. This saves manage- 
_ ment a lot of time. A record is made as minutes of each 
» meeting so that all suggestions and ideas brought out can be 
§ followed up as necessary at following meetings. Thus no 
4) suggestion is ever lost or ignored until final disposition is 
© determined. This does away with the attitude of “why sug- 
sh gest anything—nothing is ever done about it.” 


_ The next thing that usually occurs when it is decided that a 

better supervisory job is desired is that it is necessary to train 
4) the supervisors so that they are capable of doing a better 
> job. The supervisory training should be divided into two 
» parts. The first part is classroom instruction which is usually 
4) supplemented with both texts and sound motion pictures. 
1 There should also be a program of on the job training so that 
“| the foremen are instructed in the actual performance of the 
») methods in which they are instructed in the classrooms. 


One of the things that usually comes to light when we begin 
to train the foremen is that we do not have sufficient details on 
management policies. We will, of course, first ask ourselves: 
>! How do we want the foremen trained? What do we want 
» them to do? As one example of this, many are familiar with 
» the training program carried out by the Government during 
» the last war which was called, ‘Training Within Industry,” 
or “T.W.1.” Under this program, there were three main 

courses. Number one was job instruction; number two job 
5) methods, and number three was job relations. Taking the 
* case of the job instruction, this particular course told a fore- 
fs man how to train a new worker. It started out by telling him 
1 how to put the new worker at ease. This was followed by 
* selling him on the company for which he is going to work. 
} Next was to take him out in the plant, show him the job, 
! tell him how that job fitted into the total procedure and how 
* important it was. Next, was the actual instruction which 
+) was composed of showing the man what to do, telling him 
) how to do it, getting him to show and tell the supervisor how 
» to do the job so he would be sure the man had learned. The 
| old system of asking him whether he understood instructions, 
+ has been found impractical. Most people hate to admit that 
' they have not understood anything. It makes it seem as 
4 though they lack intelligence and ability. They will usually 
+» say they understand and hope to muddle through somehow. 
| Therefore, the next step of having the workman show the 
| supervisor how to do the job and tell him how to do it is ab- 
~ solutely essential as a check to make sure he really under- 
stands. Following this, of course, is the gradually reduced 
supervision starting with very close and very quickly re- 
4 peated supervision and tapered off as the worker acquires 
_ the necessary degree of skill and ability in the job. 


‘+ Those who have seen this training put across to a group of 
# foremen know that it is probably the best yet designed as a 
4+ technique in teaching foremen how to train the new worker. 
s} Yet very frequently, this training covered only the foremen 
4} at the plant during the period of the last war and has not 
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been repeated for the new foremen who have come into the 
operating picture since. The old foremen tend to forget it 
after awhile as any tool that is not used or strongly stressed 
apparently is bound to be neglected. The solution, of course, 
is that all of these practices should be incorporated into an 
instruction manual, wherein every foreman would be abso- 
lutely required to follow the necessary practices. 


One part of this instruction was to have a foreman break 
down a job into elements, putting in written form exactly 
what he would tell the new worker to do. Almost universally, 
the foremen found that they actually didn’t know the opera- 
tion as thoroughly as they thought they did. They had to 
check and recheck many times before they could put the in- 
structions into writing so that they knew and could instruct a 
worker in exactly how the job should be performed. Yet, 
despite how marked this became in the instruction classes, 
there are few companies who gave instructions to all of their 
foremen to make a written analysis of every job they super- 
vised so that they would have this as a guide in the instruc- 
tional work on all jobs under their control. 


The policy manual should also include all of those things 
affecting the handling of improvements in methods, the prac- 
tices the foreman has to follow in cost reduction, cost control, 
quality control, the handling of all types of problems in rela- 
tionship to his personnel, such as uniform practices on dis- 
cipline, handling of grievances, etc. 


By listing correct practices on the handling of personnel 
the foreman knows just what he is to do in respect to all types 
offenses committed by workmen. A written manual author- 
izing the foreman that he should expect certain specified per- 
formance gives the management control of the conditions 
which can cause union radicalism. 


Another extremely valuable tool of industrial engineering 
available in the paper industry is called, “job evaluation.”’ 
We have a very general condition where the spread of rates 
between the lower skilled jobs and the higher skilled jobs are 
inadequate to offer incentive to workers to learn the higher 
skills. This is currently proving a difficulty to both manage- 
ment and unions. The unions, of course, have had a habit of 
asking for across-the-board increases. The spread which 
existed 15 years ago has been narrowed by the fact that the 
unskilled worker has received almost as much increase as the 
higher skilled worker. Job evaluation is the best method, or 
the author should say, methods (there are several systems 
in use) for analyzing what a job should be worth. This sys- 
tem, in general, is to break the job down into specific factors 
and analyzing each of them to determine the worth of a job. 
For example, the amount of physical effort is a factor, the 
amount of education required for learning a job is another. 
The experience in actual work on a job in order to acquire the 
necessary skill in performing that particular work is one of the 
important factors. Hazardous working conditions, responsi- 
bility for equipment, responsibility for loss of product, and 
other factors are considered. In analyzing these factors, one 
factor is taken at a time and every job in the plant is analyzed. 
For example, in considering physical effort, we would deter- 
mine what is the most difficult job in the plant and what is the 
easiest job in the plant. In all other jobs we would assign a 
rating in between these extremes. After all ratings have 
been made for each factor, all factors are added together and 
the corresponding wage is determined. 


There are several ways of putting the evaluated wage into 
effect. One method that need not be negotiated with any 
union is to use the evaluated wage for the payment of a 
standard hour in the incentive system. It has been deter- 
mined that incentives are not a part of wages and working 
conditions and, therefore, can be handled unilaterally by 
management, without the union’s agreement or without 
negotiating with the union. 

Another method of putting the evaluated wage into effect 
is to negotiate with the union. This can be done by having 
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the union sit in on the evaluation committee, which is one 
very effectual way of doing it. It is usually necessary to 
consider the rates currently being paid to specific individuals 
in excess of the evaluated wage as what is called ‘“‘red circle 
rates.’ These red circle rates are paid only to the specified 
individuals on the specified jobs and will eventually pass out 
of the picture. The easiest way to make them pass out of the 
picture quickly is to give no increases to any ‘‘red circle rates” 
but only on the actual evaluated job rates. 

Another tool available to management in attempting to 
improve operations is the study of flow of material and the 
layout of equipment in the plant for this flow. The easiest 
way to analyze it is to make a drawing of the building on paper 
and to make cardboard templates of the size of all of the equip- 
ment and material which will be handled through the plant. 
With these cardboard templates and the drawing of the plant 
on paper, it is possible to move things quite readily at a mini- 
mum of expense. To do the same trial and error performance 
with the actual equipment would require many costly changes, 
wiring, foundations, and movement of the equipment itself. 
Most of the bugs can be readily worked out very quickly just 
with these cardboard templates. 

R. L. Lewis 


LETTERS TO THE EDITOR 


Raw Materials for More Paper 


To the Editor, Tappi: 

With reference to the FAO Report (Tappi 37, No. 8: p. 
14A-48a (Aug., 1954)), “Raw Materials for More Paper,” 
there appear to be several misstatements concerning ramie 
fiber. 

Ramie is a soft fiber, not a hard fiber (p. 31A). 

The fibers in a ramie plant are not embedded in the leaves 
(p. 32A) but rather lie in a series of bast bundles extending 
the length of the stalk. 

J. J. OSMAR 
Chicopee Mfg. Corp. 
Milltown, N. J. 


What is a Printed Publication? 


To the Editor, Tapp: 

In present-day patent practice, a patent shall not be 
granted for an invention which has been a printed publication 
for more than one year. 

But what is a printed publication? Is a typed manuscript 
deposited in a public library a printed publication? The 
statutory law regarding a printed publication goes back to 
1836, a date before the invention of typewriting. 

In 1952 the Board of Appeals of the Patent Office ruled 
in Ex Parte Hershberger 96 USPQ 54 that a typewritten Ph.D. 
dissertation deposited in the University of Michigan library 
in 1940 was a printed publication. It is the purpose of the 
Patent Office, as well as of the Federal Courts, to uphold the 
law but is the Patent Office making law by such a ruling? 

Typewriting is a form of writing as the name itself denotes. 
In writing or in typewriting one letter at a time is placed on 
the paper. It has been argued that the letters of a word in 
writing must be interconnected. Thus when one prints his 
name with a pencil, he in fact types it. 

A publication in Jaw means to make known to the public. 
A publication can thus be by word of mouth. A printed 
publication requires a printing and a publication. A book 
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that is printed and never distributed, even as to a single 
copy, is not published. 

It appears that the Patent Office decision cited above, 
placed too much emphasis on publication, and too little on 
the printed word. The decision implies that so long as the 
Snvention was made known to the public the manner of 
publication is secondary. ; 

Such reasoning is especially bad in patent practice, since 
the law states that knowledge abroad, if not a printed publi- 
cation, is not a bar to a patent to a second inventor here in the 
United States who had no information as to said foreign 
knowledge. 

On the other hand, mere United States public knowledge 
of one year or more, even if not printed, is a bar to a patent. 
In other words, word of mouth public knowledge in the United 
States of an invention for more than one year is a bar to a 
United States patent but such unprinted knowledge in a 
foreign country is not a bar to a United States patent. 

But a printed publication of one year or more prior to the 
filing of a United States application is a statutory bar even if 
printed in a foreign country in a foreign language. 

It now appears that an obscure thesis deposited in an ob- 
scure foreign university or public library is a printed publi- 
cation within the meaning of the law but wide or common 
knowledge of the invention in a foreign country, if not a 
printed publication, is not a statutory bar to obtaining a 
United States patent. 

Frank Makara, Patent Attorney 
233 Broadway, New York 7, N.Y. 
Chairman, TAPPI Patents Committee 


Correction 


To the Editor, Tappi: 

I found the article on ‘‘Semichemical Pulping Advances,” 
by J. N. MeGovern on page 152A of the May issue of Tappi 
most interesting. Like most mills we are most interested in 
pollution problems and the figures given in this article for 
pollution values are expressed in a way new to us. 

I wonder if you would be good enough to explain what 
200 p.p.m. per ton of pulp means? Does it mean that with 
the production of 1 ton of pulp per hour that the B.O.D. of 
semichemical spent liquor is 200 p.p.m., or is the relationship 
different? 

W. T. Roperts 
Thomas Owen & Co. 
Cardiff, Wales 


To the Editor, Tappi: 

The article in question contained an error in the way in 
which pollutional values were expressed. On page 155A, 
column 1, paragraph 1, the last two sentences should read. 

“Neutral sulphite semichemical spent liquor has a substan- 
tial pollutional effect. Its B.O.D. value, in terms of oxygen 
equivalent, ranges roughly from 100 to 300 lb. per ton of pulp 
produced, depending on pulp yield. This compares with 500 
lb. for sulphite pulp and 50 Ib. for sulphate pulp production.” 

J. N. McGovern 
Parsons & Whittemore, Inc. 
New York, N. Y. 


Sixth Coating Conference 


Statler Hotel, 
Cleveland, Ohio 
May 23-25, 1955 
EE 
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PosttTilons OPEN 


CHEMIST 


Excellent opportunity with a large progressive 
chemical company for an aggressive individual capable 
of introducing new chemicals and resins to the paper 


industry. Five to ten years experience in paper 
converting required—sales experience desirable— 
paper schooling graduate preferred. Write giving 
résumé of education, experience, personal data, and 
salary desired. All replies remain confidential. 


Direct all replies to P401-54. 


P406-54. Chemist or Chemical Engineer, 25 to 35, to be assist- 
ant pulp mill superintendent in expanding southeastern kraft 
mill. Please forward complete résumé giving past, present, 
and expected salary. All replies confidential. 

P408-54. Paper Chemist for position with nationally known 
converter located in Metropolitan area. Background in 
plastics or adhesives desirable but not necessary. State age, 
experience, and salary desired. Write Box C 576, 300 W. 43rd 
St., New York 36, N. Y. 

P409-54. Pulp Mill Superintendent for new board mill located in 
the South. Experience in the production of hardwood pulps 
made by the neutral sulphite semichemical process and a back- 
ground of bleaching experience essential. Replies will be kept 
strictly confidential. Submit age, education, experience, present 
and past positions. 

P410-54. Research and Development Supervisor qualified for 
growth to research directorship wanted to start as leader of 
existing group in stock preparation and paperboard manu- 
facturing studies in diversified well-equipped research and de- 
velopment laboratory of major West Coast producer of paper- 
board, shipping containers, folding cartons. Location near San 
Francisco. Age 33-38 preferred. 

P411-54. Mechanical Engineer for new and expanding pulp 
mill in Southeastern North Carolina. Must have had from 3 to 
6 years’ experience in the pulp and paper industry and be capa- 
ble of doing layouts, design, cost estimating, reports, and engi- 
neering field work under general supervision only. Benefits 
include generous insurance, vacation, and retirement plans. 
Salary commensurate with qualifications. Please make 
résumé as complete as possible and submit a recent photo- 
graph. i 

P412-54. Salesmen, Chemist, or Chemical Engineer. New 
division of major chemical co. now staffing sales force for new 
products. Opportunity for rapid advancement to supervisory 
position for qualified men. Selling experience plus knowledge 
of high polymer material, paper coatings, waxes, etc., helpful. 


P413-54. Research Man. Manufacturer of wood fiber products 

_ has opening for research man capable of heading up small de- 
velopment west coast plant. Excellent opportunity for 
progress. Write fully as to background and present status. 


P414-54, Chemist. Leading paper converter offers excellent 
opportunity for chemist 25-35 years. Paper, adhesive, or ink 
experience required. Quality control background desirable. 
Supervisory ability essential. Duties not confined exclusively 
to laboratory. Metropolitan New York. Submit complete 
résumé including salary requirements. 

P415-54. Salesman. Get the most out of your calls. You can 
handle our paper chemicals as a sideline. Very high commis- 
sions. Write for information. Your inquiry will be kept 
strictly confidential. 

P416-54. Active agent wanted: Well established manufacturer 
of chemicals requires agent visiting regularly the paper in- 
dustry in various territories. 

P417-54. Excellent supervisory position available for techni- 
cally trained young man in kraft paper testing laboratory. 
Location, Eastern Seaboard. Please submit complete résumé 
of education, experience and salary requirements in first letter. 


Positions WANTED 


287-54. Pulp and Paper Technologist, 31, professional educa- 
tion and 5 years’ experience in research, pilot operations, and 
production. Desire permanent responsible position in either 
operating or technical departments. Married with family. 


MiscELLANEOUS 


A9-54. For Sale: Laboratory Beater, 10-lb. Dilts with washer 
aud motor. Gas-fired, horizontal, rotating, nine-gallon steel 
pressure vessel for pulping wood or fibrous material with or 
without Micromax Model R temperature recorder controller- 
Combs Gyratory Riddle with three 20-in. screens. [quipped 
with 1/,-hp,, 115-v. motor. A. B. Dick Co., 5700 W. Touhy, 
Chicago 31. 


Note: Responses to all advertisements should, unless otherwise 
indicated, be sent to TAPPI, 155 E. 44th St., New York, N. Y. 


PAPER CHEMIST 


Must be experienced in application research in the paper 
industry. He will study beater addition of chemicals to 
paper stock; formulate chemicals for mill use; evaluate 
exhaustion of chemical solutions; prepare hand formed 
papers; study emulsion or holt melt treatments of paper 
for special effects, etc. Should have degree in Chemistry 
or Chemical Engineering and three years experience in 
paper plant; research career as a goal. 

Please write: 


MONSANTO CHEMICAL COMPANY 
Organic Chemicals Division 

Technical Personnel Department 

800 North Twelfth Street 

St. Louis, Missouri 


EXCEPTIONAL OPPORTUNITY 


in New Modern Paper Mill recently opened at Hadera, Israel 


Tour Bosses @ Machine Tenders @ Back Tenders 


Excellent salary and living conditions on a contract basis for qualified personnel. 


Contact: 


AMERICAN ISRAELI PAPER MILLS, LIMITED, 
c/o Hudson Pulp & Paper Corp., 477 Madison Avenue, New York 22, N. Y. 


All inquiries confidential 
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TAP PI 


STANDARDS 


Testing Methods, Specifications, aud Recommended Practices 


Needle Penetration of Petroleum Waxes” 


Revision of TAPPI Suggested Method T 639 sm-53 
(THIS SUGGESTED METHOD IS UNDER THE JURISDICTION OF THE WAX TESTING COMMITTEE) 


Tuis method covers a procedure for the empiri- 
cal estimation of the consistency of waxes derived from 
petroleum, by measurement of the extent of penetration 
of a standard needle. Penetration of petroleum wax is 
the depth, in tenths of a millimeter, to which a stand- 
ard needle penetrates into the wax under defined con- 
ditions. The sample is melted, heated to 30° F. above 
its melting point, and then cooled under controlled 
conditions to 77°F. The penetration is measured 
with a penetrometer by means of which a standard 
needle is applied to the sample for 5 seconds under a 
load of 100 grams. The method is applicable to waxes 
having a penetration not greater than 50. 


APPARATUS 

1. Penetrometer. For applying the standard needle 
to the surface of the specimen and for measuring the 
extent of penetration at the conclusion of the test. 

The penetrometer shall be constructed in such a 
manner that the accurate placement of the tip of the 
needle adjoining the level surface of the specimen may 
be made while maintaining a zero reading on the indica- 
tor. The apparatus shown in Fig. 1 represents a com- 
posite drawing illustrating the two available types of 
instrument, that with an adjustable table, and that 
with an adjustable needle assembly; the use of either 
type instrument is permissible. The loaded needle 
must fall, when released, without appreciable friction. 
The instrument shall be provided with leveling screws 
and a spirit level to maintain the plunger shaft in a true 
vertical position. 

2. Timing Device. An automatic timing release 
mechanism attached to the penetrometer may be used. 
Alternatively, a stopwatch graduated in 0.1-second in- 
tervals may be used. 

3. Needle and Plunger. The needle shall be made 
from a cylindrical steel rod approximately 50 mm. long 
and 1.00 mm. in diameter conforming to the require- 
ments given in Fig. 2. After tapering, the point shall 
be “blunted” by grinding off to a truncated cone. The 
finished needle shall be hardened and highly polished. 
The exposed length of the needle, when mounted in the 
chuck of the penetrometer or in a ferrule, shall be 

* This revised method is suggested by the Standards Committee as being 
the most suitable to date. It is not, however, a TAPPI Standard. Criti- 


cisms are earnestly requested and should be sent to R. G. Macdonald, Sec- 
retary, Technical Association of the Pulp and Paper Industry, 155 E. 44th 


St., New York 17, N. Y 
The method is essentially the same as ASTM Method D 1321-54 T. 
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41.5 + 1.5mm. The total weight of the plunger shall 
be 47.5 + 0.05 grams and that of the needle, 2.6 + 
0.05 grams; a weight of 50 + 0.05 grams is required 
for mounting on the plunger. 

Note: The National Bureau of Standards will measure and 
certify the accuracy of penetration needles in accordance with 
these permissible variations. 

4. Test-Specimen Container. Consisting of a brass 
cylinder open at both ends, having a 1-inch inside diam- 
eter, 1'/.-inch height, and '/s-inch wall thickness. To 
prevent slippage of very hard wax, a few screw threads 
or grooves shall be cut into the center part of the inside 
wall of the cylinder. The cylinder shall be placed on a 
base plate of brass or glass, wetted with a mixture of 
equal volumes of glycerine and water. 


5. Air Bath. Capable of being maintained at 77 + 
2°F. (see note following). 


6. Water Bath. Of at least 10-liters capacity capa- 
ble of being maintained at 77 + 0.2°F. It shall be 
possible to immerse the test specimen in the bath to a 
depth of not less than 4 inches and to support it on a 
perforated shelf not less than 2 inches from thé bottom 
of the bath. The bath shall be equipped with a circu- 
lating pump to supply the test bath used while obsery- 
ing the penetration, and to maintain a uniform water 
temperature. 

Note: Alternatively, the use of a constant-temperature test 
room or an air cabinet, instead of the air and water baths and the 
test bath, is permitted, provided the temperature is maintained 
at 77 + 0.2°F. Likewise, a box made of transparent. plastic 
may be used forthe water bath and the test performed directly 
in the water bath instead of in the test bath described below. 

7. Test Bath. A container with minimum inside 
diameter of 31/2 inches and minimum inside depth 
above the bottom of 2!/s inches. It shall be made of a 
material having poor heat conductance, such as a 
wooden box lined with copper, or a glass or plastic con- 
tainer. Water from the water bath shall be circulated 
through this test bath so that its temperature is equal 
to that of the water bath. Provision shall be made 
to allow lowering and raising of the water level. 


8. Thermometer. For use in the water bath. An 
ASTM Saybolt viscosity thermometer having a range 
of 66 to 80°F. and conforming to thermometer 17 F 
as given in ASTM Specification E1 is recommended. 
The thermometer shall be immersed to the 70°F. mark. 
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TEST SPECIMEN 
Heat the wax sample to 30°F. above its melting 
point (see TAPPI Standard 630 m), using care to pre- 
vent local overheating. Stir until homogeneous and 


Fig. 1. Penetrometer 


free from air bubbles; then pour into the test-specimen 
container in such a way that a convex meniscus is 
formed. Allow the container and contents to cool in 
the air bath at 77 + 2°F. for 1 hour; then place in the 
water bath at 77 + 0.2°F. and allow to remain for 1 
' hour. 


PROCEDURE 


Remove the test specimen from the water bath and 
slide the brass cylinder containing the test specimen off 
the brass plate; use the surface that contacted the plate 
for testing. Place the specimen in the test bath main- 


i tained at 77 + 0.2°F. Adjust the water level in the 


test bath so as to cover the specimen completely. 


Note: Very hard waxes occasionally will shrink away from the 
walls of the test-specimen container. In such cases it is permis- 
sible to wedge the wax in the test-specimen container. 

The test temperature may be other than 77°F. but should not 
be so high as to give a penetration value exceeding 50. 


| Place the test bath with specimen upon the penetrom- 


# eter table, making certain that it cannot teeter during 


testing. Keep the needle in the test bath for at least 
5 minutes before attaching it to the penetrometer. 
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Place a 50-gram weight above the needle, making a 
total load of 100 + 0.15 grams for the zero position. 
Lower the water level in the test bath until the surface 
of the specimen is no longer covered with water. If a 
transparent thermostated box is used, the needle can be 
positioned without lowering the water level. Adjust 
either the indicator assembly or the table, depending 
upon the type of instrument, until the tip of the needle 
nearly touches the surface of the specimen. Se- 
curely lock the movable assembly in this position. 

Then, by means of the slow-motion adjustment, 
bring the needle tip to just touch the surface of the speci- 
men, watching the shadow of the needle tip as an aid 
to accurate setting. Raise the water level in the test 
bath until the specimen is completely covered. After 
5 minutes release the needle shaft and hold it free for 5 
seconds, timing this interval automatically or with a stop- 
watch graduated to 0.1 second. Observe that the re- 
lease mechanism does not drag on the shaft; then gently 
depress the indicator shaft until it is stopped by the 
needle shaft, and read the penetration from the indi- 
cator scale. 

Note: If an automatic timing mechanism is not used, the tim- 
ing can be done conveniently by starting the watch before the be- 
ginning of the test, releasing the needle shaft as the second hand 
crosses a unit graduation of the watch, and engaging the shaft of 
the needle when the watch indicates exactly 5 seconds later. 

Make four tests at points about equally spaced (not 
less than '/. inch apart) on a circumference at least 
'/; inch from the side of the container. Before each 


0.14 to O.16 mm. 

° 100 tolO2mm. 8°40'to 9°40! J 
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Fig. 2. 


Standard needle 


test, wipe the needle carefully toward its point with a 
clean, dry cloth to remove all adhering wax, and position 
the needle as described above. 


REPORT 
Record as a single test value the average scale reading 
for the four penetrations on the prepared specimen and 
report to the nearest penetration unit. If a tempera- 
ture other than 77°F. is used, give the actual tempera- 
ture in the report. 


PRECISION 

The following data should be used for judging the 
acceptability of results (95% probability) : 

(a) Replicate results by the same operator using 
the same apparatus should be considered suspect. if 
they differ from their mean by more than 2. 

(b) The result submitted by one laboratory should 
be considered suspect if it differs from the mean of 
other laboratories by more than 3. 


ADDITIONAL INFORMATION 
In this revision the scope has been limited to waxes 
having a penetration not greater than 50, the section 
on Apparatus has been reworded and clarified; and a 
new section on Precision has been added. 
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Particle-Size Distribution of Coating Clay 


TAPPI Suggested Method T649 sm-54* 


(THIS SUGGESTED METHOD IS UNDER THE JURISDICTION OF THE NONFIBROUS 
MATERIALS TESTING COMMITTEE) 


PArRTICLE-size distribution is particularly sig- 
nificant with respect to the performance of clays in 
paper coating. Sedimentation methods having as 
their basis Stokes’ Law have found general acceptance 
for particle-size measurement. These methods give 
results expressed in terms of ‘equivalent spherical 
diameter’’—the diameter of a sphere having the same 
specific gravity as the particle in question and settling 
at the same rate. Clay particles are nonspherical, but 
despite any uncertainty as to the relationship between 
equivalent spherical diameter and actual dimensions, 
the results of a sedimentation analysis can be readily 
correlated with some aspects of coating performance. 
Procedures limited to gravitational sedimentation are 
relatively inaccurate for clay particles below 1 mu in 
equivalent spherical diameter, and centrifugal proce- 
dures(/) are recommended for this extreme fine range. 
Nevertheless, the data obtainable by the gravitational 
method here described provide valuable information 
concerning papermaking clays. 


APPARATUS 


1. Balance. Sensitive to 50 mg. 

2. Stirring Apparatus. A mechanically operated 
stirring device consisting of an electric motor suitably 
mounted to turn a vertical shaft at approximately 10,- 
000 r.p.m., the shaft being equipped with a */,-inch 
diameter impeller, and a dispersion cup about 7 inches 
deep and tapered from a diameter of about 3.75 inches 
at the top to about 2.5 inches at the bottom, and con- 
taining a vertical baffle about 1 inch wide extending 
from the top to the bottom of the cup on one side, to 
minimize vortex formation. This type of stirrer is 
commonly known as a ‘“malted-milk mixer,’ and a 
satisfactory model is designated as Hamilton-Beach 
No. 30. 


3. Hydrometer. Graduated (A) in grams of soil per 
liter and having a range from —5 to +60, or (B) in 
specific gravity and having a range from 0.995 to 1.038. 
The hydrometer bulb length is 139 mm., the bulb 
diameter is 30.5 to 32 mm., and the over-all length is 
280 mm. Satisfactory hydrometers, designated as 
“Soil Hydrometers,’ are obtainable from Taylor 
Instrument Co. under catalog number 22297 for scale 
A and 22298 for scale B. 

4. Cylinders. Inside diameter about 2.5 inches and 
17 inches high, graduated to hold 1205 ml. 

5. Thermometer. Accurate to 0.5°C. over a range 
Onl 5etorsa. Ce 

6. Water Bath. Of size to accommodate the 


* This method is suggested by the Standards Committee as being the most 
suitable to date. It is not, however, a TAPPI Standard. Criticisms are 
earnestly requested and should be sent to R. G. Macdonald, Secretary, 
Technical Association of the Pulp and Paper Industry, 155 E. 44th Sis 
New York 17, N. Y. 
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graduated cylinders immersed to the 1205-ml. gradua- 
tion. It should be capable of maintaining the water 
constant within + 1°C. over a range from 18 to 30°C. 
and should include means of circulation of water to 
avoid localized temperature variation. 

7. Timing Device. A stopwatch, or the equivalent, 
and an ordinary watch or clock. 


REAGENT 


Dispersing Agent. A 3.5% solution of tetrasodium 
pyrophosphate in distilled water. 


TEST SPECIMEN 


The test specimen shall consist of the equivalent of 
40 grams of moisture-free clay, obtained according to 
the sampling procedure described in TAPPI Standard 
T 645 m. 


PROCEDURE 


Fill the dispersion cup to about 2 inches from its top 
with distilled water and add 6 ml. of dispersing agent. 
Note: The validity of the test results is dependent upon 
obtaining complete deflocculation of the test specimen so that 
particles may settle as individuals. The quantity of dispersing 
agent specified is satisfactory for clays received in the usual 


form. In the case of clays obtained in “‘predispersed” condition, 
add 3 ml. of dispersing agent. 


Weigh out the equivalent of 40 + 0.05 grams of dry 
clay. (In the case of clays in the predispersed form 
weigh out 40.15 + 0.05 grams of dry clay or its equiva- 
lent.) Preliminary accurate moisture determination 
on a separate portion or drying of the specimen at 
80 + 2°C. to constant weight is necessary. 

Transfer the clay to the dispersion cup and mix with 
the mechanical stirring apparatus for 10 minutes at high 
speed. Loose agglomerates or floes must be broken up 
to permit individual particles to settle as such, but it is 
equally important that mechanical attrition of indi- 
vidual particles be avoided. Ten minutes in the 
stirring apparatus are suitable for normal paper-coating 
clays. In the case of some very coarse clays, however, 
intense mechanical agitation must be used with extreme 
caution, if at all. 

Transfer the suspension to the graduated cylinder, 
rinsing the dispersion cup into the cylinder; and finally 
dilute to 1205 ml. with distilled water at the same tem- 
perature as the water bath. Mix the suspension in the 
cylinder by inverting and shaking, using the palm of 
the hand as a stopper over the mouth of the cylinder. 
Place the cylinder in the constant-temperature bath 
and stir the suspension occasionally with a glass rod to 
prevent sedimentation. Also, prepare a cylinder con- 
taining a blank or control solution by diluting 5 ml. of 
dispersing agent to 1205 ml. with distilled water. 
Place this cylinder in the water bath together with the 
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cylinder containing the clay suspension and allow it to 
attain the temperature of the bath. When the sus- 
pension attains the temperature of the bath, remove the 
cylinder and remix the suspension by inversion and 
shaking as before. Immediately replace the cylinder 
in the bath and at the same moment start the timing 
device to obtain a record of elapsed settling time. 

Note: The constant-temperature bath may be held at any 


point from 18 to 30°C. The nomographic solution of Stokes’ 
Law (under Calculations) takes temperature into consideration. 


Take readings with the hydrometer at such intervals 
that the total elapsed times form an approximate 
geometric progression. Suggested elapsed times are 
12,5, 15; and 30 mins, and ly2.4) 8) and)25 hours: 
Read the hydrometer at the top of the meniscus, to the 
closest 0.1 if hydrometer A is used, or the nearest esti- 
mated 0.0001 if hydrometer Bis used. In taking read- 
ings, insert and remove the hydrometer slowly, over a 
period of 10 to 15 seconds, to avoid unduly disturbing 
the suspension, and immerse the hydrometer to a point 
only shghtly beyond that at which it floats freely. Re- 
move the hydrometer after each reading, except the 1- 
minute reading, rinse and dry it; and insert it in the 
cylinder containing the solution of the dispersing agent 
at the same concentration as that containing the sus- 
pended clay. This solution serves as a blank and its 
hydrometer readings are used in the calculation of the 
results. 

For each reading, record the elapsed sedimentation 
time, the temperature of the clay suspension, and the 
hydrometer readings for both the clay suspension and 
the blank solution. 


CALCULATIONS 


1. Percentage of Clay in Suspension 

Calculate for each reading the percentage of dry clay 
remaining in suspension at the level at which the hy- 
drometer measures the density of the suspension by 
the appropriate one of the following formulas: 


For hydrometer with scale A: 


_ (Rr — B)a X 100 
= W 


12 


For hydrometer with scale B: 


100,000 G . 
p= | ae X gz | x (Rr — B) 


where 
P = percentage 
W = original concentration of suspension in grams per liter 


(for a sample of 40 grams dry weight in 1205 ml. of 
suspension, W = 33.2) 

hydrometer reading in clay suspension 

hydrometer reading in blank 

correction factor (from Table I), since values on hy- 
drometer scale A are computed on the basis of soil 
with a sp. gr. of 2.65 

specific gravity of clay particles 


Rr 
B 


Hoi dl 


a 


G 


ll 


Table I. Specific Gravity Correction for Hydrometer A 


Specific gravity, G 


Factor, a 

2.95 0.94 
2.85 0.96 
2.75 0.98 
2.65 1.00 
2. 00 1.02 
2.45 1.05 
Yy. 


35 1.08 
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Note: In the case of clays reasonably free from coarse particles, 
such as the usual coating clays, the above calculations for the 
initial hydrometer readings should give values of 100% for the 
percentage remaining in suspension. Variation from this figure 
may be due to inaccurate weight of the test specimen or volume 
of the suspension. 

In practice, it has been found practical to take the value of 
(Rr — B) for the initial reading to be a measure of the starting 
concentration. The percentage remaining in suspension for each 
subsequent reading then becomes simply the ratio of its (#7 — 
B) value to the initial (Rr — B) value multiplied by 100. 

Readings taken during the first few minutes of sedimentation, 
however, are more subject to possible error from several causes 
than are subsequent readings. These causes include settling of 
coarse particles on the hydrometer bulb, failure to attain com- 
plete temperature equilibrium, and the possible presence of 
entrained air in the suspension. Of these, the last named is 
perhaps the most frequent source of error. Treatment of the 
suspension before mixing with a small amount of an anti-foam 
agent, such as a drop or two of pine oil, aids materially in obtain- 
ing reliable initial readings. 


2. Equivalent Spherical Diameter of Particles 


Calculate the equivalent spherical particle diameter 
corresponding to the percentage indicated by each 
hydrometer reading according to Stokes’ Law on the 
basis that a particle of this equivalent spherical di- 
ameter was at the surface of the suspension at the be- 
ginning of sedimentation and had settled to the level 
at which the hydrometer measures the density of the 
suspension in the appropriate sedimentation time. 

Casagrande’s (2) nomographic solution of Stokes’ 
Law offers a convenient means of calculating equivalent 
spherical diameter. The Casagrande nomographie 
chart is shown in Fig. 1. Its use requires calibration of 
the hydrometer in terms of the depth of suspension (Hr) 
for each hydrometer reading. The formula for this 
calculation for hydrometers graduated in specific 
gravity (scale B) is in the upper right corner of the 
nomographic chart. The hydrometer is calibrated for 
the elevation of the surface of the liquid. Actual hy- 
drometer readings on the clay suspension are made at 
the top of the meniscus and for this reason should be 
adjusted by a meniscus correction, the corrected read- 
ings being used in the graphical solution of Stokes’ 
Law. It has been found that the addition of 0.0003 
to the observed specific gravity gives values closely 
corresponding to the reading at the surface level. 


If hydrometer A is employed, the calculations are 
made with the Casagrande nomographic chart by the 
same procedure used with hydrometer B, except the 
calibration of hydrometer A in terms of the height of 
suspension (Hr) for each hydrometer reading (Rr) is 
determined from the equation Hr = 0.42D, where D 
is the distance in centimeters between hydrometer 
reading and bottom of hydrometer. 


It has been found experimentally that for this hy- 
drometer the effective height which determines the grain 
size is 0.42 of the distance from the top of the suspen- 
sion to the elevation of the bottom of the hydrometer. 


REPORT 


The report shall consist of a graph made by plotting 
for each hydrometer reading the percentage remaining 
in suspension (‘per cent finer than’’) against the equiva- 
lent spherical diameter, using semilogarithmic graph ° 
paper with the particle-size values on the logarithmic 
scale. State also whether hydrometer scale A or B 
was used. 
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Tuts method is for measuring the viscosity of 
starch solutions or suspensions as determined on the 
referee viscometer of the Corn Industries Research 
Foundation. The viscosity is recorded automatically 
as a graph which gives viscosity characteristics during 
' any desired period of cooking and cooling. 


APPARATUS 


1. Corn Industries Viscometer, with water bath, as 
shown in Fig. 1. (This is manufactured by Hayes 
Scientific Appliances, Urbana, Ill.) The water bath 
in which the starch is cooked is electrically heated and 
the temperature automatically controlled by a variable 
thermoregulator so that any preset temperature can be 
maintained constant. The dynamometer, which is of 
the pendulum type, is located in the recorder case. 
Supplementary weights are provided so that the recor- 
der chart at full scale has four ranges of viscosity: 
225, 450, 900, and 1800 gram-centimeters, respectively. 
Weights corresponding to each scale can be added or 
removed instantly without change in the calibration of 
the viscometer. This permits testing all starches over a 
wide range of concentrations. One advantage of this 
is that starches of widely different viscosities can often 
be tested at the same concentration so that a direct 
¥ comparison can be made of their properties. 
2. Container, of 1-liter capacity. An enameled 
graduate with handle is most convenient. 


TEST SPECIMEN 


A representative sample is required in accordance 
with Table I. 


PROCEDURE 


Determine the moisture content of the sample ac- 
cording to the procedure given in T 638 m. 

Weigh out the starch sample in an amount (+0.1 
gram) intermediate between the extreme concentration 
limits given in the table for the particular type of starch 
being tested. Transfer the starch samples to a 1-liter 
container and add sufficient distilled water at room tem- 
perature to make a total weight of 1000 grams of sus- 
pension. Make preliminary viscosity determinations 
as described below. If the concentration selected does 
not give a viscosity value at the end of the test within 


1} the range of 50 to 150 gram-cm. of torque, make addi- 


* This revised method is suggested by the Standards Committee as being 
-the most suitable to date. It is not, however, a TAPPI Standard. Criti- 
cisms are earnestly requested and should be sent to R. G. Macdonald, Sec- 
retary, Technical Association of the Pulp and Paper Industry, 155 HE. 44th 
St., New York 17, N. Y. 
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Viscosity of Starch and Starch Products* 


Revision of TAPPI Suggested Method T 637 sm-53 


(THIS SUGGESTED METHOD IS UNDER THE JURISDICTION OF THE NONFIBROUS MATERIALS TESTING 
COMMITTEE) 


Table I. Starch Data 


Concen- 
tration of 
Starch,% Supple- 
grams mentary 
moisiure- weighton 
free starch dynamo- Approximate maximum 
per 1000 g. meter viscosity to be expected, 
Kind of starch suspension g.-em. g.-cm. 
Corn, unmodified 40 225 50 
100 1800 1700 
Corn, moderately 
thin-boiling 60 225 30 to 150 
110 1800 1200 to 1600 
Corn, thin-boiling 70 225 35 to 80 
140 1800 1600 to 1800 
Corn, very  thin- 
boiling 180 225 50 to 150 
315 1800 1200 to 1800 
Wheat, unmodified 50 225 50 
100 1800 1700 
Tapioca, unmodified 40 225 175 
65 1800 1500 
Potato, unmodified 40 225 175 
65 1800 1500 


@ These concentrations are approximations of the extreme limits of repre- 
sentative starches which can be tested in the Corn Industries Viscometer. 
All intermediate concentrations can also be tested. 


tional tests at different concentrations to obtain a value 
within that range. 

Place the viscometer cup in the water bath heated to 
92°C., unless results at some other temperature are 
desired. Insert the stirring device, swing the viscome- 
ter head in place over the cup, and attach the stirrer 
to the shafts in the viscometer head. Start the stirrer 
motor. Immediately before pouring the starch-water 
mixture into the viscometer cup, stir the slurry briefly 
with a stirring rod to suspend the starch uniformly. 
At the same time that the mixture is poured into the 
viscometer cup, start the chart-drive motor of the re- 
corder. Cover the cup with the metal top to prevent 
cooling and evaporation. 

For a hot viscosity determination, the test is entirely 
automatic. By arranging the conditions of the test, 
the viscosity characteristics of the starch are given by a 
continuous graph from which the following information 
can be read: 

1. Time required for the initial viscosity rise and, 
by reading the thermometer in the paste, the tempera- 
ture at this point. 

2. Gelatinization range, the time and temperature 
change from the initial viscosity rise to the maximum 
viscosity. 

3. Maximum viscosity. 

4. Viscosity at all times during any desired period 
of cooking, thus showing the effect of heat and agitation. 
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Fig. 1. Corn industries viscometer 


1, Recorder and dynamometer (dynamometer not shown) 
2. Cable from viscometer to recorder 
3. Cable drum 
4, 5, 6, 7. Gears of sun and planet differential 
8. Worm, turned by synchronous motor (motor not shown) 
9. Worm gear 

10. Spring pins for holding center shaft 

11. Coupling to attach stirrer 

12. Condenser and cover 

13. Water bath 

14. Baffle 

15. Overflow 

16. Drain cock 

17. Starch beaker 

18. Electric heater, thermostatically controlled 

19. Scraper blades 

20. Propeller 


Viscosities are given directly on the recorder chart in 
gram-centimeters of torque. 


Note: For the effect of cooling on the viscosity of the paste, 
turn off the heater for the water bath after any desired period of 
cooking and circulate cold water through the water bath. 


REPORT 


Report the maximum viscosity and the viscosity at 
the end of 30 minutes in gram-centimeters of torque 
at 92°C., and state the concentration used. Other 
data may be included as desired. 


ADDITIONAL INFORMATION 


1. The viscosity of a liquid system is its resistance 
to flow. It may be regarded as fluid or internal friction, 
While starch solutions are often spoken of as having 
viscosity, they do not have a true (Newtonian) viscosity 
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of a perfect fluid. The so-called viscosity of a starch 
solution is the combined effect of a number of inherent 
properties which cause it to deviate from Newtonian 
viscosity. These effects occur from the residual granule 
particles or from new colloidal groupings that take 
place as a result of cooking the starch. Many starches 
possess a varying degree of thixotropy, which is the 
property of becoming thinner with agitation or when 
under shear. In a starch paste, the observed viscosity 
depends upon the rate of shearing to which it is sub- 
jected in the viscometer; in a thixotropic paste, the 
greater the rate of shearing, the less the viscosity will be. 

2. Viscosity data obtained for any starch are de- 
pendent upon the arbitrary selection of conditions of 
preparing the paste. Some types of starches reach a 
relatively stable viscosity, while with others the vis- 
cosity tends to decrease on continued heating, event- 
ually reaching a value near that of water. The time 
required for these changes to occur varies with different 
types of starches and the same cycle of variation is 
evident even when the same starch is prepared in dif- 
ferent concentrations. Also, some starches have a 
much greater tendency than others to form organized 
structures or gels on cooling, which increases the vis- 
cosity. Variables such as rate of heating, final maxi- 
mum temperature, and rate and kind of stirring cause 
different observed viscosities. The method of sample 
preparation is thus very important and must be strictly 
observed if reproducible data are to be obtained, even 
with the same type of viscometer. 

3. The principal change in this revision as compared 
to the previous method is in the concentration of 
starch suspension used in testing. 
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RECENT BOOKS 


Successful Commercial Chemical Development. Pre- 
pared by the Commercial Chemical Development As- 
sociation, H. M. Corley, Armour & Co., Editor in 
Chief. John Wiley & Sons, Inc, Inc., New York, 1954. 
Cloth, 6 X 9, 374 pages. $7.75. 


i 


A very interesting and useful book prepared by com- 
mittees of the CCDA, an organization made up of 350 
individuals engaged in the commercial introduction of 
new chemicals and the development of new uses for old 
chemicals. 

Among the subjects covered are: Objectives of Organ- 
ized Chemical Development, External Sources of Com- 
mercial Chemical Development Aid, Management, Ori- 
gin and Handling New Product Ideas, The Semi-Works 
Stage, Sampling and Trade Names, New Product Adver- 
tising, Pricing, Labeling, Packaging and Shipping Con- 
sideration, Case Histories, and Some of the More Im- 
portant Qualifications for Commercial Chemical Develop- 
ment Work. 

Many of the committee members who contributed to 
the various chapters are well known to the pulp and paper 
industry. 
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GUIDE TO PROFESSIONAL SERVICES 


THE H. K. FERGUSON COMPANY 


Engineers and Builders 


PULP AND PAPER MILLS—CHEMICAL PLANTS 
PROCESS PLANTS—POWER PLANTS—LABORATORIES 


CLEVELAND—NEW YORK—CHICAGO—HOUSTON—LOS ANGELES 


PFEIFER & SHULTZ ... Engineers 


Steam Power Plant Specialists 
®@ Mills and Industrial Buildings 
@ Reports 
© Plans and Specifications 


@ Supervision of Construction 
Wesley Temple Bldg. Minneapolis3, Minn. Empire Bldg. Milwaukee 3, Wis. 


G. D. JENSSEN CO., INC. 


WATERTOWN, NEW YORK 
SULPHITE MILL ACID PLANTS—SEMICHEMICAL LIQUOR PLANTS 
Sulphur Burning Plants ¢ Jenssen Two Tower Acid Systems e Gas 
Coolers—Surface and Spray Type ¢ Jenssen Pressure Acid Systems e 
Jenssen Auxiliary Process Towers @ Recovery Plants—Cooking Acid 
SOLUBLE BASE ACID PLANTS e 
JENSSEN SOz ABSORPTION SYSTEMS 
Sulphurous Acid Preparation for Bleach Plant Application 
West Coast Representative _JAMES BRINKLEY COMPANY 
417—9th Avenue South—Seattle, Washington 


ALVIN H. JOHNSON & CO., INC. 


415 LEXINGTON AVENUE NEW YORK 17, N. Y. 
CONSULTING AND DESIGNING ENGINEERS 


Serving the Pulp & Paper 
Industries Since 1929. 


Telephone MUrray Hill 7-8764 


KNOWLES ASSOCIATES 
Consulting - Designing 
ENGINEERS 
Pulp and Paper Mills 


BOwling Green 9-3456 
19 RECTOR ST. NEW YORK 6, N. Y. 


CHAS. T. MAIN, INC. 
CONSULTING ENGINEERS 


Process Studies, Designs, Specifications and Engineering Supervision 


PULP AND PAPER MILLS 


Steam Hydraulic and Electrical Engineering 
Reports, Consultation and Valuations 
80 Federal Street Boston 10, Mass. 


RODERICK O’DONOGHUE & COMPANY 


CONSULTING ENGINEERS TO THE 
PULP AND PAPER INDUSTRY 


IMPROVED PROCESSES—DESIGNS—REPORTS 
420 Lexington Ave. New York 17, N. Y. 


PAPER AND PULP TESTING LABORATORIES 
118 East 28 Street 
New York 16, N. Y. 


Certified Pulp Testers William Landes, B.S., Pulp and Paper 
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REYNOLDS, SMITH AND HILLS 


Architects and Engineers 


REPORTS, DESIGN and CONSTRUCTION SUPERVISION 
ALKALINE PULPING e SEMI-CHEMICAL e POLLUTION ABATE- 
MENT e MATERIAL HANDLING e PLANT IMPROVEMENTS e 
STEAM & HYDRO POWER GENERATION & UTILIZATION e NEW MILLS 


227 PARK STREET JACKSONVILLE, FLORIDA 


SANDWELL and COMPANY 
LIMITED 
CONSULTING ENGINEERS 


Design, Supervision and Reports for Pulp and Paper and Re- 
lated Forest Products Industries 


VANCOUVER, BRITISH COLUMBIA 
SEATTLE, WASHINGTON 


SEELYE STEVENSON VALUE & KNECHT 
CONSULTING ENGINEERS 


MECHANICAL—ELECTRICAL—CIVIL 
SURVEYS REPORTS DESIGN 


PULP AND PAPER MILLS 


101 Park Avenue New York 17, N. Y. MUrray Hill 4-2500 


J. E. SIRRINE CO. Engineers 


Greenville, S. C. 
Est. 1902 
Paper @ Pulp Mills @ Waste Disposal @ Textile Mills © 
Appraisals @ Water Plans @ Steam Utilization © Steam Power 
Plant © Hydro-Electric ® Reports 


Calendar of TAPPI Meetings 


NATIONAL MEETINGS 
Sixth Coating Conference, Statler Hotel, Cleveland, Ohio, 
May 23-25, 1955. 


Second Mechanical Pulping Conference, Poland Spring 
House, Poland Spring, Me., September 19-21, 1955. 


Corrugated Containers Conference, General Oglethorpe 
Hotel, Savannah, Ga., November 17-19, 1954. 


Annual Meeting, Commodore Hotel, New York, N. Y., 
February 21-24, 1955 
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og! SOLVAY «ive: you 


SOLVAY’S TECHNICAL SERVICE IS DIFFERENT 
—because it is established on an industry-wide 
basis—with special sections for different in- 
dustries! For the paper industry, SOLVAY 
has a separate technical group that can offer 
unique services not ordinarily available. 


THESE TOP-NOTCH CONSULTANTS have had 
years of specialized training and practical ex- 
perience in the paper industry. They are ready 
to assist you in the development of a new or 
improved process . . . suggest better methods 
of handling, storing and using SOLVAY 
products. 


SOLVAY’S PAPER SERVICES INCLUDE: ficld 


SOLVAY PROCESS DIVISION 


Allied Chemical & Dye Corporation 
61 Broadway, New York 6, N. Y. 


BRANCH SALES OFFICES: 

Boston ¢ Charlotte * Chicago * Cincinnati * Cleveland 

Detroit * Houston * New Orleans * New York * Philadelphia 
Pittsburgh ¢ St. Louis * Syracuse 


Soda Ash * Caustic Soda * Potassium Carbonate * Calcium Chloride 


service . . . laboratory service with a section 
devoted exclusively to paper . . . and authori- 
tative technical bulletins. 


SALES-SERVICE—SOLVAY’S 13 branch offices 
with their organization of paper industry rep- 
resentatives assure close, personal attention to 
the requirements that best fit the particular 
needs of small and large paper makers. 


PROMPT DELIVERY SERVICE—SOLVAY’S 
strategically located plants and over 200 local 
stock points insure prompt delivery of any 
size order. So when you want service— 
call SOLVAY first for these paper-making 


chemicals ... 


SODA ASH 
CAUSTIC SODA 
LIQUID CHLORINE 
CALCIUM CHLORIDE 


¢ Cleaning Compounds * Caustic Potash « Sodium Nitrite 


Chlorine * Ammonium Bicarbonate * Sodium Bicarbonate * Ammonium Chloride * Snowflake® Crystals * Monochlorobenzene 
Para-dichlorobenzene ¢ Ortho-dichlorobenzene 


rolead 


more tons per day : 


In analyzing production records, paper mills 
find that Albany Felts give more tons per day. 
Of equal importance, they are consistently 
producing more saleable tons! Time after 
time, Albany Felts show record production of 
saleable stock by maintaining sheet quality 
and greatly reducing rejects. This is further 
translated into more mill profit. 


The big difference between Albany Felts and 
others is in the unparalleled combination of 


FREE! 


| 


| 
Albany’s advanced research program, 
tom-designing, rigid quality controls in mal 
facturing, and outstanding field service. ‘al 
give you uniform top quality felts plus val 
ble help on your felt problems. 
On his next visit, ask your Albany si 
engineer to show you how production recc} 
in your mill will prove that Albany 
give you more saleable tons per day. 


Felt Performance Record Book for Mill 
Superintendents, Managers, Purchasing Agents. 
Write for your handsome leather binder containing 
convenient forms for maintaining records and graphs 


of felt performance, felt inventory, etc. 


ALBANY FELT COMPANY 


“World’s largest Manufacturer of Paper Machine Felts” 
MAIN OFFICE AND PLANT, ALBANY 1, NEW YORK 
Other plants: Hoosick Falls, N. Y., North Monmouth, Maine, Cowansville, Quebec. 


